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PREFACE 
This thesis is organised into seven chapters. The University of Sydney allows published 
manuscripts that arise from the candidature to be included in the thesis. The first and last 
chapters are the introduction and conclusion, respectively. The other chapters are either 
published studies or manuscripts submitted for publication. Supplementary materials that are 
related to the work on this thesis and undertaken by the candidate have also been included. 
Ethics approval was obtained prior to commencement of the studies. Each chapter can be 
read independently, and contains its own reference list, nevertheless contributing to the 
whole body of work.  
Chapter One is an introduction to the thesis and provides a review of the relevant 
literature and an overview of the topics relevant to the remaining 
chapters. 
Chapter Two presents a cross-sectional study exploring the association between 
chronic low back pain and different types and intensities of occupational 
(e.g. twisting, bending, lifting weight), and leisure (e.g. light, moderate, 
and vigorous-intensity) physical activity. This work has been published 
in the Brazilian Journal of Physical Therapy. 
Chapter Three presents an observational study, including both cross-sectional and 
longitudinal data, investigating the relationship between sedentary 
behaviour and chronic low back pain. A co-twin design was used to 
account for the influence of genetics and early shared environment. This 
x 
Chapter Four 
Chapter Five 
Chapter Six       
Chapter Seven 
work has been published in The Spine Journal. 
presents a population-based longitudinal study investigating the 
influence of parental chronic spinal pain on the prognosis of spinal pain 
in adult offspring, and whether offspring physical activity levels and 
body mass index modify this association. This work has been published 
in BMJ Open.
presents a protocol of a pilot randomised controlled trial investigating the 
feasibility and preliminary efficacy of a physical activity intervention 
supported by mobile health (compared to standard care) in care-seeking, 
pain, and disability in people with chronic low back pain after discharge 
from treatment. This work has been published in BMC Musculoskeletal 
Disorders. 
presents the findings of the phase II randomised controlled trial
presented in chapter five. This work has been submitted for 
publication in BMC Musculoskeletal Disorders and is presented in the 
format required by the journal. 
presents an overview of the main findings of Chapters Two to 
Six, discusses the limitations of the thesis, and details implications for 
clinical practice and future research.  
ABSTRACT 
This thesis begins with an overview of low back pain epidemiology, including the burden of 
the condition, potential consequences, and management options. Additionally, factors that are 
associated with, or increase the risk of chronic low back pain are also explored. One of the 
potential risk factors explored in this thesis is physical activity. We investigated if different 
types and intensities of physical activity, as well as sedentary behaviour, is associated with 
chronic low back pain. Moreover, case-control twin studies are introduced and described as a 
powerful research design in chronic low back pain, with this methodology providing valid 
estimates of the influences of factors on chronic low back pain. Likewise, the influence of 
familial factors, such as the presence of parental chronic spinal pain, on the prognosis of 
offspring with chronic spinal pain is also explored. Furthermore, this thesis investigated 
whether offspring lifestyle behaviour, such as engagement in leisure physical activity, modifies 
this association. Lastly, the thesis reported on the design and feasibilityfindings of a 
randomised controlled  trial  for  chronic  low  back  pain patients after treatment 
discharge, with the intervention involving a patient-centred physical activity program, using a 
behavioural change approach, and supported by the use of technology. 
The thesis concludes with a summary of findings and possible implications for research and 
practice. The findings of this thesis showed that leisure and occupational physical activity are 
likely to have a different impact on chronic low back pain. Also, it showed that sedentary 
behaviour is associated with chronic low back pain, but this association is weak and disappears 
when genetics and shared environmental factors are accounted for. Moreover, the thesis 
showed   that  parental  chronic  spinal   pain  significantly   influences   the  prognosis  of  spinal 
xi 
pain in the offspring. Finally, results from the randomised controlled trial suggested that the 
physical activity approach is feasible for a population suffering from chronic low back pain 
following treatment discharge, and is likely to reduce healthcare utilisation and increase 
physical activity goal attainment. However, lessons learnt during study recruitment and 
implementation suggest that modifications are likely to be necessary for the successful 
implementation of a fully powered trial. 
There are several significant implications and directions for future research that arise from this 
thesis. First, physical activity is likely to have different effects on chronic low back pain, 
depending on how it is assessed and defined. As a result, guideline-based 
recommendations on physical activity for people with chronic low back pain should 
consider people’s current engagement in different types and frequencies of work-related 
and leisure physical activity. Second, genetic and familial factors should be considered 
when researchers and clinicians attempt to identify people at higher risk of recovering 
from, or developing chronic low back pain. Lastly, lifestyle behavioural change 
interventions targeting physical activity behaviour following discharge from conservative 
treatment has the potential to reduce healthcare utilisation due to chronic low back pain and 
should be further investigated in future research. In light of the new evidence, novel study 
directions have been proposed in regards to innovative preventative and management 
approaches for chronic low back pain. 
xii
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OVERVIEW OF THE THESIS 
The broad aim of this thesis was to contribute towards a better understanding of the relationship 
between physical activity and chronic low back pain. To achieve this aim, this thesis presents a
 series of  studies which employed a variety of research designs and is organised into seven 
 chapters. Chapter  One  is  an  introduction  to  the thesis and provides a review of the relevant
 literature and an overview of the topics relevant to the remaining chapters.
The first study of this thesis presented in Chapter Two is a cross-sectional study including 1,059 
participants investigating the association between chronic low back pain and different types and 
intensities of occupational (e.g. twisting, bending, lifting weight), or leisure (walking, moderate, 
and vigorous-intensity) physical activity. The findings of this study indicate that leisure and 
occupational physical activity are likely to have a different impact on chronic low back pain, and 
that engagement in leisure physical activity is associated with a lower prevalence of chronic low 
back pain. In contrast, some postures and movements that people frequently adopt in occupational 
settings, such as carrying, lifting heavy weight while inclined or awkward postures (e.g. bending, 
twisting, squatting, and kneeling) are associated with a higher prevalence of chronic low back pain. 
The findings highlight the value of considering the type and intensity of physical activity when 
analysing the relationship between physical activity and chronic low back pain. 
Previous studies analysing the relationship between chronic low back pain and physical activity 
have failed to adequately adjust for relevant confounders, such as genetics and shared 
xiv 
environmental factors. The use of twin studies is a unique approach to determine the effect of 
genetic and environmental factors on a phenotype. It has been suggested that genetic and 
environmental factors influence both the development of chronic low back pain as well as lifestyle 
behaviours, such as the engagement in physical activity. For example, in theory, better control for 
potential confounders in twin pair analyses allows for more precise estimates of the strength of the 
correlation between chronic low back pain and physical activity. In addition, previous genetic 
studies have indicated that physical inactivity may not merely represent the low end of the physical 
activity range but may represent a different behavioural paradigm, suggesting that physical activity 
and physical inactivity may be influenced by different genetic and environmental factors. 
Therefore, the use of within-pair twin (case-control) analysis provides an opportunity to
understand whether physical activity or sedentary behaviour is, indeed, associated with chronic 
low back pain, after a range of measured and unmeasured genetic and early-shared environmental 
factors are considered. 
To overcome the limited adjustment for relevant confounders, such as genetics and shared 
enviromental factors in previous studies, the study presented in Chapter Three of this thesis 
investigates whether people that are physically inactive (sedentary behaviour) are more likely to 
report chronic low back pain and the strength of a possible association after adjusting for genetic 
and early environmental factors. The findings of this study including 2,148 twins suggest that 
sedentary behaviour is associated with chronic low back pain. However, this association is weak, 
is only present in females, and is not significant when accounting for genetics and shared 
environmental factors. This reduction in the strength of association suggests that genetics and 
early-shared environmental factors may be confounding the association between sedentary 
xv 
behaviour and chronic low back pain, and highlights the importance of controlling for genetic and 
environmental factors when investigating the relationship between chronic low back pain and 
physical activity. 
While twin studies are helpful for quantifying the relative influence of genetics on chronic low 
back pain, family studies (i.e. studies including parents and their offspring) are relevant to 
understand the role of familial factors, such as the transmission of a history of chronic pain from 
parents to offspring. The study presented in Chapter Four investigates the influence of parental 
chronic  spinal  pain (neck  and  low  back  pain) on  the prognosis of  spinal pain in the 
offspring. This study also investigated whether the offspring’s lifestyle, such as engagement in 
leisure physical activity and body mass index (BMI), modify this association. The results indicate 
that offspring with both parents reporting chronic spinal pain are less likely to recover from chronic 
spinal compared with offspring with no parental history of spinal pain. In addition, there was no 
strong evidence that physical activity or BMI modify these associations, although the results 
suggest that the association between parental spinal pain and recovery from activity limiting spinal 
pain was strongest among offspring with a high BMI. This study supports the evidence from twin 
studies that genetic and familial factors may influence, not only the development of chronic low 
back pain but also the recovery from chronic low back pain. In addition to genetic factors, these 
intergenerational associations incorporate familial factors, such as shared lifestyle behaviours (e.g. 
physical activity, sedentary behaviour, diet) and negative beliefs (e.g. fear avoidance beliefs) that 
could influence recovery. These  findings emphasise for the importance of  clinicians managing
patients with chronic low back pain to consider familial factors, as well as lifestyle behaviours in 
their attempt to identify those with the highest risk of non-recovery. 
xvi 
Given the potential beneficial impact of engagement in leisure physical activity for people with 
chronic low back pain reported in previous studies, this thesis also explores the feasibility and 
preliminary efficacy of a novel approach based on active lifestyle behavioural change. Chapter 
Five reports on the protocol of this feasibility study involving a physical activity intervention 
supported by health coaching and mobile technology (mobile app and activity trackers), to help 
people with chronic low back pain to engage in leisure physical activity after discharge from 
conservative treatment. Previous research has shown that health coaching interventions lead to 
positive changes in health behaviours. These include increased physical activity participation, 
improved nutrition, smoking cessation, and better management of chronic musculoskeletal 
conditions, such as osteoarthritis. Moreover, the use of communication technologies to increase 
physical activity has become increasingly popular in recent years, likely because they facilitate 
access and adherence to health interventions. In addition, the use of physical activity tracker 
monitors has been shown to improve physical activity levels and increase function in people with 
chronic low back pain.
The feasibility and preliminary efficacy  of  this  intervention  on  care-seeking,  pain  intensity 
and  disability  associated  with  chronic low back pain are presented in Chapter Six. The
findings indicate that it is feasible to implement a 6-month physical activity intervention supported 
by health coaching and mobile health in people with chronic low back pain following discharge 
from treatment. The direction and magnitude of the preliminary findings suggest a possible 
beneficial effect of the intervention to reduce care-seeking over time when compared to standard 
care. On average, participants who received the health coaching physical activity intervention had 
xvii 
a 38% reduced rate of seeking additional care after being discharged from treatment compared to 
standard care, although these estimates were not statistically significant. A substantial increase in 
the amount of self-reported walking and physical activity goal attainment in the intervention group 
compared to the control group was also observed. Finally, Chapter Seven presents an overview 
of the main findings of Chapters Two to Six, discusses the limitations of the thesis and details 
implications for clinical practice and future research. 
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CHAPTER ONE 
Introduction 
1
1.1 Low back pain 
 
Low back pain is a significant health problem worldwide.1-3 It is typically defined as pain and 
discomfort below the costal margin, and above the inferior gluteal folds, with or without 
referred leg pain.4 Low back pain is often thought to be less concerning than other life-
threatening conditions such as diabetes or cardiovascular disease. However, it is currently the 
leading cause of years lived with disability globally.5 Low back pain is a highly prevalent 
symptom experienced by people across all age groups.1,6,7 It is estimated that 9.4% of the global 
population suffers from low back pain at any one point in time.8,9 With a world population of 
7.4 billion, this figure represents over 695 million people worldwide suffering from low back 
pain.10 Moreover, the lifetime prevalence of low back pain can be as high as 84%, suggesting 
that most people will experience low back pain at some point in their lives.1,11,12 
 
Most clinical practice guidelines categorise low back pain in three main groups in terms of 
symptom duration: acute low back pain (pain lasting less than 4 weeks), sub-acute low back 
pain (pain lasting more than 4 but less than 12 weeks), and chronic low back pain (pain lasting 
for longer than 12 weeks).13 Research has shown that approximately 40% of patients reporting 
an episode of acute low back pain recover within 6 weeks, with recovery assessed in terms of 
return to work, return to function, and resolution of pain.14 However, 48% of patients will still 
report having pain and/or disability 3 months after onset, and of these, almost 30% will not have 
fully recovered at 12 months.12,15,16 
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Despite the vast research dedicated to understanding what causes low back pain, most cases are 
diagnosed as non-specific (approximately 85%), meaning that the pathoanatomical cause of 
pain cannot be identified.17 Common imaging findings (e.g. degenerative disk disease or 
bulging disks) are only weakly correlated with the presence of symptoms.18,19 Therefore, current 
practice relies on a differential diagnosis of low back pain to identify (i) pain that arises from 
either beyond the lumbar spine (e.g. leaking aortic aneurysm), specific and serious disorders 
affecting the lumbar spine (e.g. epidural abscess, compression fracture, spondyloarthropathy, 
malignancy, cauda equina syndrome); (ii) radicular pain (i.e. radiculopathy, or spinal canal 
stenosis); or (iii) simple (non-specific) low back pain.17,20 
 
1.1.1 The impact of low back pain on individuals and society 
 
The 2015 Global Burden of Disease study investigated 315 diseases in 195 countries and 
territories from 1990 to 2015 and provided a comprehensive assessment of the burden and 
disability patterns associated with acute and chronic diseases worldwide.5 Low back pain was 
responsible for around 60.1 million years lived with disability (YLD) in 2015, an increase of 
54% since 1990.21 The overall increase in the global burden of low back pain is due almost 
entirely to population growth and ageing, as opposed to an increase in prevalence.1,8 Although 
just nearly 28% of prevalent cases (151 million) were categorised as severe and most severe, 
these cases accounted for 77% of all disability caused by low back pain (46.5 million YLDs).22 
Hence, the majority of people with low back pain have low levels of disability; however, the 
additive effect of those, combined with high levels of disability in a substantial minority, result 
in excessive societal burden.3,23 According to a recent report published by the Australian 
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Institute of Health and Welfare,24 in Australia, it is estimated that the direct cost attributed to 
the management of low back pain, such as medical care and imaging, approximates AU$1.2 
billion per year. However, the direct costs are trivial compared to the indirect costs arising from 
lost work time and decreased productivity.25 A study conducted by Arthritis and Osteoporosis 
Victoria (2013), estimated the total annual cost of low back pain to the Australian community 
to be nearly $4.8 billion.26  
 
At the individual level, people with disabling low back pain commonly regard their health as 
poor, and experience higher levels of pain and psychological distress (measures of poor quality 
of life) compared with people without low back pain.27 They are also more likely to experience 
reduced levels of participation and functioning (measures of disability) than those without a 
back problem.28 This may be explained by the fact that individuals with disabling low back pain 
typically present with comorbidities (e.g. diabetes, depression), and worse general physical and 
mental health compared to people without low back pain.29 Additionally, people with co-
occurring low back pain and comorbidities tend to have a poor prognosis and respond 
unsatisfactorily to a variety of treatments, which leads to  greater healthcare utilisation than 
people with low back pain or the comorbidity alone.29 
 
1.1.2 The recurrent nature of low back pain 
 
As opposed to the original concept of acute versus chronic low back pain, which suggests that 
low back pain presents either as unrelated acute episodes or as chronic continuous pain, low 
back pain has been recently recognised as a long-lasting condition with a fluctuating course.30 
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Around half of the people with low back pain who seek primary care have a trajectory of 
continuing and oscillating pain of low to moderate intensity.31 Some recover while some have 
persistent severe low back pain.31 The majority of low back pain episodes improve considerably 
within 6 weeks, and by 12 months average pain levels are low (6 points on a 100-point scale).31 
However, 67% (95% CI: 50–83) of patients with low back pain still report some pain at 3 
months and 65% (95% CI: 54–75) at 12 months.31,32 Additionally, roughly 33% of patients who 
recover from a previous episode will have a recurrence within 1 year.2 Recent research has 
suggested that the main predictor of recurrence is a report of previous episodes of low back 
pain. A large cohort study (832 participants) showed that experiencing more than two previous 
episodes of low back triples the chances of a recurrence within 1 year (OR: 3.18, 95% CI: 2.11–
4.78).33   
 
1.1.3 Chronic low back pain 
 
A proportion of people that experience persistent and recurrent episodes eventually develop 
chronic and disabling low back pain. Chronic low back pain is complex because it is 
characterised by a variety of biological, psychological, and social aspects that impair function, 
societal participation, and personal financial prosperity.17 For most people with chronic low 
back pain, it is currently not possible to precisely identify a specific spinal nociceptive source 
responsible for their symptom.3 Lifestyle factors, such as smoking, obesity, and low levels of 
physical activity and socioeconomic factors, such as low educational levels, as well as 
occupational factors, such as high physical workload and low job satisfaction, have been 
suggested to increase the risk of chronic low back pain.3,34,35  It represents one of the most 
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significant challenges for the public health system because chronic low back pain typically 
incurs high levels of disability and substantial healthcare costs.20,36 This thesis will focus 
primarily on populations who suffer from chronic, recurrent and disabling non-specific low 
back pain. 
 
1.2 The complexity of chronic low back pain  
 
There is now sufficient evidence to suggest that chronic disabling low back pain is not merely 
a direct result of painful nociceptive input. In the last decade, researchers have introduced the 
biopsychosocial model as an attempt to explain the complexity and multidimensional nature of 
chronic low back pain. This approach contrasts with the traditional reductionist biomedical 
model, contemplating a range of biological, psychological, and social factors which can 
influence the development and behaviour of chronic low back pain. These factors are typically 
interrelated and also associated with people’s overall poor general health.  
 
1.2.1 Central pain processing and modulation 
 
Chronic low back pain often exists in the absence of any apparent nociceptive input although 
hyper-excitability or sensitisation of the central and peripheral nervous systems is usually a 
common feature in individuals afflicted by chronic low back pain.37 Nociceptive input is usually 
defined as pain elicited primarily through input from peripheral nociceptive afferents, following 
transduction of noxious-level mechanical, thermal, or chemical stimuli that leads to a cascade 
of physiological reactions from the periphery to the central nervous system.38 However, the 
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terms ‘‘nociception” and ‘‘pain” should not be used interchangeably. In some chronic 
musculoskeletal pain conditions, such as fibromyalgia, pain can result from abnormal central 
pain processing, rather than from damage and injury to anatomic, nociceptive body structures.39 
There is growing evidence that alterations in brain structure, brain function, and brain chemistry 
may occur in a proportion of patients with chronic non-specific low back pain.39,40 After an 
initial painful incident to the lumbar spine, a cascade of events (hyperalgesia, allodynia, 
deficient descending and ascending central modulatory mechanisms, cognitive-emotional 
sensitisation, and a sensorimotor conflict) can occur, leading to central reorganisation that 
maintains pain in the absence of ongoing peripheral nociception.41 Chronic pain has been shown 
to be maladaptive and can modify one’s attitude to daily experiences, (e.g. occupational or 
leisure activities), and future expectations (e.g. return to work or return to sport) by altering 
physiological and psychological processes underlying pain perception and pain-related 
behaviour (i.e. developing fear avoidance). Theoretically, low back pain can become chronic 
due to a vicious cycle, for example, if one fears that movement will cause or increase pain, one 
is likely to avoid activities and be more sedentary, which can lead to a poor prognosis.42 
1.2.2 Biological factors 
The role of biological factors in the development of chronic disabling low back pain is yet to 
be comprehended entirely. Nevertheless, it has been suggested that pain sensitisation may be 
associated not only with dysfunction of the descending pain modulatory network but also 
systemic inflammation.43 A number of studies have observed significant differences in 
inflammatory biomarkers, such as proinflammatory cytokines (e.g. interleukin-6, tumour 
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necrosis factor-α, interleukin-8, and interleukin-1β) in relation to pain intensity in people with 
chronic low back pain. Researchers have shown that serum protein levels and serum mRNA 
levels of interleukin-6, interleukin-8, and tumour necrosis factor-α are significantly higher in 
people who experience worse levels of chronic low back pain when compared with people with 
lower levels.44-46 Conversely, anti-inflammatory markers, such as interleukin-4 and interleukin-
10, have been observed to be significantly lower in people with experiencing minor or no low 
back pain.44  
 
In addition to inflammatory biomarkers, research has also shown that biophysical impairments, 
such as changes in the lumbar muscles size,47 composition,48 and coordination,49 are altered in 
people with chronic low back pain. Such impairments may well be more than merely a direct 
consequence of pain and are only moderately influenced by psychological factors.50 There is 
still much to be elucidated regarding the underlying pathological processes and the non-
psychosocial factors which account for differences in outcomes of chronic low back pain, 
including pain and disability levels. 
 
1.2.3  Psychological factors 
 
It is well accepted that psychological factors, such as depression, anxiety, fear-avoidance 
beliefs, catastrophisation, and poor self-efficacy, play an essential role in the development and 
maintenance of chronic low back pain,51 even though the mechanisms explaining how these 
factors affect chronic low back pain are not fully understood. Although these factors are 
generally investigated separately, they often coexist and interact. Pain-related emotional 
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distress has been identified as one of the primary key constructs coexisting in all of these factors. 
Pain-related emotional distress can be measured either directly (e.g. anxiety, depression), or 
indirectly through the person’s current experience of pain (e.g. movement fear avoidance, 
catastrophising, emotional reaction), and the person’s self-view in relation to their pain (e.g. 
pain self-efficacy).52  
 
The fear-avoidance model has been significantly explored in the chronic low back pain field53-
56. The model explains how people’s fear of pain leads to their avoidance of activities and 
consequently to disability. This model has been expanded to capture the influence of 
maladaptive learning processes, such as catastrophisation (i.e. an irrational belief that 
something is far worse than it really is), and beliefs on pain perception and behaviours, implying 
that pain cognitions have a central role in the development and maintenance of disability, more 
so than the pain itself.57 A systematic review investigating the mechanisms (mediating factors) 
by which pain leads to disability has found that psychological distress, as well as fear of 
movement, and self-efficacy, are common factors explaining some of the pathways between the 
presence of chronic low back pain and the development of related disability.58 Another 
systematic review on chronic pain conditions (e.g. fibromyalgia, osteoarthritis, multiple 
sclerosis), including low back pain, found that poor self-efficacy is reliably related to 
impairment and disability, emotional distress, and pain severity.3,59 Consequently, 
contemporary treatments targeting chronic pain conditions have been shifted from alleviating 
the severity of pain only to helping people to alter their beliefs and behaviours about pain,60 
through techniques such as cognitive behavioural therapy and cognitive functional therapy. 
These therapies are individualised behavioural approaches grounded in biopsychosocial 
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principles that challenge maladaptive beliefs and associated dysfunctional behaviours. In 
addition, approaches for promoting health behaviour change (e.g. health coaching) are 
becoming increasingly popular among patients with chronic pain, including chronic low back 
pain, because they are believed to facilitate self-management of chronic conditions and increase 
pain coping skills.  
 
1.2.4 Social and societal factors 
 
Current evidence indicates that chronic and disabling low back pain is also affected by social 
and societal factors, such as education levels and income. For instance, results from a large 
population-based study (5103 people) conducted in the USA showed that people with persistent 
low back pain had less than high-school education (OR: 2.27, 95% CI: 1.53–3.38) and an 
average annual household income of less than US$20,000 (OR: 2.29, 95% CI: 1.46–3.58) 
compared to those without pain.61 Another large study (2533) conducted in the UK indicated 
that lifetime socioeconomic status predicts disability (OR: 2.04, 95% CI: 1.55–2.68) due to any 
pain condition in older age (independent of comorbid conditions and psychological 
indicators).62 Different environmental and lifestyle experiences in lower socioeconomic groups, 
in addition to lower health literacy and limited access to healthcare, are possible mechanisms 
explaining the influence of low education levels on back pain.63 Besides, engaging in repetitive 
and manual occupations and having intense physical workloads have been associated with 
chronic disabling low back pain.64 
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 1.3 Research challenges in chronic low back pain 
 
Despite years of research devoted to understanding the mechanisms that lead a patient to 
develop persistent and disabling chronic low back pain, the prevalence and disability associated 
with this condition are still increasing.65 Identifying patients with low back pain at risk of 
progressing to long-term disability and sick leave as early as possible is important because 
specific approaches may be developed and used to avoid or delay the progression of the disease. 
A way forward is to shift the research focus to the identification of evidence-based factors for 
chronicity of low back pain. 
 
1.3.1 Factors influencing the transition from acute to chronic low back pain  
 
The transition from acute to chronic low back pain seems problematic, and many individual, 
psychosocial, and workplace associated factors may play a role. Identifying factors that increase 
the risk of chronicity (i.e. prognostic factors) is key in informing the design of effective 
strategies to prevent the progression of the condition. For this reason, several studies focusing 
on prognostic factors for low back pain have been conducted to date, and several potential 
prognostic factors have been identified. For instance, a recent systematic review of prospective 
cohort studies found that distress, depressive mood, and somatisation are factors associated with 
poor prognosis of low back pain and increase the chances of people transitioning from acute to 
chronic low back pain.51 Another systematic review on prognostic factors for low back pain 
concluded that baseline pain intensity, and patients’ negative perceptions of the future of their 
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back pain were significant predictors of poor outcome at short and long term.66 However, many 
of the identified factors in systematic reviews are derived from low-quality studies, and the 
evidence supporting the role of these prognostic factors is weak.67 Moreover, a number of these 
prognostic factors are not-modifiable (e.g. age) and therefore of limited use in designing 
strategies to prevent chronicity.  
 
People with other chronic conditions, such as depression and diabetes, are more likely to have 
a poor prognosis of low back pain than those in good health. The underlying mechanisms of 
the co-occurrence of chronic low back pain and those other chronic diseases are not well-
understood. However, systematic reviews of prospective studies have suggested that lifestyle 
factors such as smoking,68 high body mass index (BMI),69,70 and low levels of physical 
activity71 that are commonly associated with poorer general health, are also correlated with a 
poor prognosis of low back pain. In contrast, results from a large cohort study (8,994 
participants) has suggested that a healthy lifestyle, including achieving recommended levels of 
leisure physical activity (at least 150 min of moderate intensity, or 75 min of high intensity per 
week, or a combination of these activities), is associated with a better prognosis of low back 
pain.72 
 
1.3.2 Physical activity and low back pain  
 
Physical activity is defined as any movement produced by the contraction of skeletal muscles 
that requires energy expenditure, characterised by activities of daily living.73 Physical activity 
is usually described on the basis of the identifiable portions of daily life during which the 
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activity occurs, such as at work (occupational), at leisure time (recreational), and at home 
(household).73 Other types of physical activities include sports participation or commuting (e.g. 
walking to work). It is commonly argued that the term "physical activity" should not be 
misconstrued with "exercise". Exercise is regarded as a subcategory of physical activity that is 
planned, structured, and involves repetitive movements, such as swimming or cycling, often 
with the goal of improving or maintaining physical fitness or other health benefits.73,74 Physical 
activity includes exercise as well as other activities which involve bodily movement (e.g. 
playing, working, active transportation, household, recreational activities).  
 
The benefits of physical activity on an individual’s social, psychological, and biological health 
is well established.75,76 However, despite increasing research investigating the relationship 
between physical activity and low back pain, current evidence as to the influence of different 
types, such as leisure or occupational, and different intensities, such as light, moderate, or 
vigorous, on low back pain, is still conflicting.77-81 For instance, two systematic reviews 
revealed no associations between leisure physical activity and the development of low back 
pain,78 the intensity of low back pain symptoms, disability due to low back pain, or healthcare 
utilisation for low back pain.79 Likewise, a systematic review found no evidence to suggest an 
association between sedentary behaviour (physical inactivity) and low back pain.82 In contrast, 
a recently published systematic review of 36 prospective cohort studies (158,475 participants) 
found that participation in sport or other leisure physical activity may decrease the risk of 
chronic low back pain by 11%–16%.71 The risk of chronic low back pain was 11% lower 
[adjusted risk ratio (RR): 0.89, 95% CI: 0.82–0.97, n=48,520] in moderately/highly active 
individuals, 14% lower (RR: 0.86, 95% CI: 0.79–0.94, n=33,032) in moderately active 
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individuals, and 16% lower (RR: 0.84, 95% CI: 0.75–0.93, n=33,032) in highly active 
individuals when compared to individuals that did not engage in physical activity regularly.71 
Although physical activity during leisure time may have a role in preventing chronic low back 
pain, the mechanisms underlying the preventive effect of physical activity on chronic low back 
pain remain poorly understood. 
 
In regards to occupational physical activity, it has been suggested that heavy physical workload 
and long time spent in awkward positions are risk factors for developing a new episode of low 
back pain, as well as for chronic low back pain.81,83 Systematic reviews investigating the 
prevalence of low back pain have suggested that work exposures, such as lifting, bending, 
awkward postures, and tasks considered physically demanding are associated with the 
prevalence of low back pain.84,85 However, a comprehensive review summarising the findings 
of eight systematic reviews (99 studies) investigating the influence of occupational physical 
activity on low back pain, concluded that there is no strong evidence to support a causal 
relationship between bending/twisting, awkward postures, sitting, standing/walking, carrying, 
pushing/pulling, lifting and low back pain.86  
 
The lack of consistent evidence in regards to the relationship between physical activity and 
low back pain is possibly attributed to the different definitions of the types and levels of 
physical activity. For example, long walks and bike riding have been defined as strenuous 
physical activity in a longitudinal study identifying a protective effect,87 whereas the same 
types of physical activities were defined as of moderate intensity in another study that did not 
find any association with chronic low back pain.81 Another potential limitation of previous 
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studies is that physical activity is assessed as the sum of all leisure or occupational activities, 
making it difficult to identify the different intensities and types of physical activity that impacts 
positively and negatively on chronic low back pain. Different types of physical activity seem 
to have a distinct effect on chronic low back pain.88 Moreover, a variety of studies have 
assessed physical activity in different ways, such as using self-reported questionnaires, 
interviews, accelerometer, and video recordings. This diversity in measurement methods raises 
questions as to the comparability of results among studies. Besides, issues related to the 
different definitions of low back pain (e.g. acute, sub-acute, chronic, recurrent, persistent) may 
result in different estimates of risks. To overcome some of the limitations of previous 
investigations, Chapter Two of this thesis investigates the association between chronic and 
recurrent low back pain and different types and intensities of occupational (e.g. twisting, 
bending, lifting weight), and leisure (walking, moderate, and vigorous-intensity) physical 
activity in a cohort of 1,059 individuals.31  
 
1.3.3 Genetic factors and low back pain   
 
There is increasing evidence that genetic factors may play an important role in the development 
and prevalence of chronic low back pain.89-92 Genetic studies (i.e. studies identifying genes), 
such as genome-wide association studies, have suggested that there are several genes 
associated with intervertebral disc degeneration disease in humans,91 however, their effect size 
are generally modest (OR: 1.05, 95% CI: 0.77–1.43, P=0.71).93 Most genetic studies to date, 
have failed to identify specific genes that significantly explain low back pain.94,95 Issues related 
to the definition of a clear phenotype and small sample sizes are relevant barriers in genetic 
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studies.96 A way forward to investigate the influence of genetic factors on low back pain is the 
study of twin siblings (i.e. twins studies).  
 
The use of twin studies is a unique approach to determine the effect of genetic and 
environmental factors on a phenotype. Identical twins [monozygotic (MZ)] share nearly 100% 
of their genes identical by descent, and fraternal twins [dizygotic (DZ)] share on average 50% 
of their genes identical by descent. Therefore, greater MZ similarity is expected under 
assumptions of genetic contributions.97 Studying twin pairs also considers environmental 
influences on a trait or disease, as twins tend to be exposed to a shared environment until early 
adulthood (e.g. diet, education, physical activity levels and parents socio-economic status).98 
Studying twin pairs discordant for a health condition (e.g. one twin reports low back pain, 
whereas the co-twin does not) allows an efficient match for both genetic and environmental 
influences on a trait or condition (e.g. chronic low back pain) as well as gene-environmental 
interactions in early life.99 
 
A systematic review including seven studies using twin cohorts (35,547 participants), found 
that the heritability (i.e. the amount of variation in a trait due to genetic factors) of low back 
pain could be as high as 67%.100 The genetic influence in low back pain seems to be more 
significant for more persistent and disabling cases.101 Further, it has been suggested that the 
genetic makeup of a person might moderate the influence of lifestyle factors, such as 
engagement in physical activity, on low back pain.87,102,103 In other words, common genetic 
factors can influence the presence of both chronic low back pain and physical activity 
behaviour. This is due to the fact that genetics and early shared environment have been shown 
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to be significant contributors not only to the aetiology and maintenance of low back pain but 
also to the variance of physical activity behaviour, with heritability estimates as high as 85% 
for people’s engagement in physical activity.103  
 
A cross-sectional study using a twin cohort found a stronger association between heavy 
domestic physical activity and the development of low back pain once genetic factors were 
controlled for, as opposed to no adjustments for genetic factors.104 Another twin study 
investigating the association between chronic low back pain and people’s engagement in 
leisure-time physical activity suggested that genetic and early shared environmental factors 
may, in fact, confound the association between chronic low back pain and physical activity, as 
these associations disappeared after adjusting for genetics and early shared environment.105 
These studies indicate that genetic and environmental factors should be considered when the 
relationship between low back pain and physical activity is investigated. In theory, better 
control for potential confounders in twin pair analyses allow for more precise estimates of the 
magnitude of the association between physical activity and low back pain. Consequently, it 
provides an opportunity to understand whether different levels and types of physical activity 
are, indeed, associated with low back pain. Thus, accounting for the influence of genetics and 
early environmental factors may assist in clarifying the relationship between low back pain 
and physical activity.104 
 
In recent years, genetic studies have also suggested that physical inactivity as such may not 
merely represent the low end of the physical activity range, but may represent a different 
behavioural paradigm.106 Researchers have suggested that physical activity and physical 
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inactivity may be associated with different genetic and environmental factors.107 A recent 
review of the literature on the genetic determinants of physical activity and physical activity 
phenotypes have found that genetic influences appear to be greater for physical inactivity than 
for physical activity behaviour. However, care must be taken when interpreting these results, 
due to issues related to the small number of genetic studies available on physical inactivity, in 
addition to the low quality of the studies included in the review.103 
 
These findings highlight the value of the twin design to understand the influence of genetics 
and early shared environmental factors on the low back pain and physical activity association. 
To overcome methodological limitations of existing studies, including a failure to consider 
genetic influences and environmental factors,  Chapter Three of this thesis explores whether 
physical inactivity is associated with the incidence and lifetime prevalence of persistent low 
back pain, using a cohort of twins. Physical inactivity was defined as sedentary behaviour 
during daily activities and leisure time (e.g. “sitting most of the time”, “I do not practice 
exercise, my leisure time is mostly sedentary”). Care-seeking and activity limitation due to 
persistent low back pain were also explored. 
 
1.3.4 Familial factors and low back pain  
 
Genetics have been shown to account for up to 67% for cases of chronic and disabling low 
back pain,100 with the shared family environment accounting for up to 41% of low back pain 
cases in offspring.108 Thus, it may be essential to increase our understanding of factors 
influencing chronic low back pain beyond the individual and into the family environment. 
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Among familial factors that could influence chronic low back pain, particularly the prognosis 
of the condition, familial aggregation of spinal pain, which comprises neck and back pain, may 
be relevant. Familial aggregation refers to the occurrence of a given trait shared by members 
of a family (e.g. parents, offspring, cousins) that cannot be readily accounted for by chance. 
For instance, parental pain has been shown to be strongly associated with the increased risk of 
chronic musculoskeletal pain in offspring, both during adolescence,109 and in later 
adulthood.110 It is, therefore, possible that parental history of spinal pain affects the prognosis 
of chronic low back pain in the offspring.  
 
Shared environmental factors such as mutual lifestyle behaviours within the family, including 
engagement in physical activity and healthy eating, may be potential modifiers of a likely 
adverse effect of parental spinal pain on the prognosis of offspring chronic low back pain. For 
example, a previous population-based study conducted in Norway has suggested that the 
maintenance of healthy body weight may decrease the risk of chronic musculoskeletal pain in 
the offspring of pain-afflicted parents.111 Currently, there is limited knowledge about the 
influence of parental pain on the prognosis of low back pain in offspring and whether this 
association is modified by offspring lifestyle (e.g. physical activity, BMI). To answer this 
question, Chapter Four of this thesis reports on a study that investigated the influence of 
parental chronic spinal pain on the prognosis of spinal pain in adult offspring, and whether 
offspring lifestyle behaviour, such as engagement in leisure physical activity and BMI, modify 
this association. 
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1.4 Current treatment options for chronic non-specific low back pain 
 
A recently published Lancet series of papers on low back pain3,112,113 have summarised the 
current evidence-based recommendations for the management of low back pain. The main 
recommendations for chronic non-specific low back pain include the use of a biopsychosocial 
framework with more emphasis on self-management, physical and psychological treatments, 
than on pharmacological and surgical treatments.113 International clinical practice guidelines 
support active therapies that address psychosocial factors and focus on improving function. 
These guidelines endorse the use of active therapies such as exercise,13,114,115 Tai Chi,13 and 
Yoga.13 Guidelines also highlight the importance of psychological therapies, such as cognitive 
behavioural therapy, progressive relaxation, and mindfulness-based stress reduction, as well 
as a combination of physical and psychological treatment, especially for those with persistent 
disabling low back pain.116 Further recommended physical treatments for chronic low back 
pain include a graded activity or exercise programme that focuses on improving function and 
prevention of deteriorating disability. Currently, the evidence is not clear in regards to whether 
one form of exercise is superior to another.113 Therefore, guidelines recommend exercise 
programmes that focus on individual needs, preferences, and capabilities when determining 
the type of exercise patients should be prescribed.13,114,115 Some guidelines do not recommend 
passive therapies, such as spinal manipulation or mobilisation, massage, and acupuncture, 
some consider them elective, and others suggest a short course for patients who do not respond 
well to other treatments.116 Other passive electrical or physical modalities, such as ultrasound, 
transcutaneous electrical nerve stimulation, traction, interferential therapy, short-wave 
diathermy, and back supports are usually not recommended.13,113-115  
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 Despite generally consistent recommendations for the management of chronic low back pain 
among international guidelines, clear evidence exists suggesting inappropriate high use of 
imaging, rest, opioids, spinal injections, and surgery.113 Unfortunately, effective 
implementation of evidence-based recommendations from clinical guidelines is still limited. 
A study conducted in the United States showed that less than half of the people with chronic 
low back pain seeking care are prescribed exercises.117 In Australian primary care118 and 
emergency department settings in Canada,119 the most common treatment prescribed for 
patients with chronic low back pain is medication. Likewise, survey studies conducted in 
Sweden,120 in the United States,121 and in Australia122 show high usage rates of electrical 
modalities (e.g. ultrasound), which are not endorsed in clinical guidelines. 
 
1.4.1 Factors that influence recurrence of chronic low back pain after discharge from 
treatment  
 
 Although a proportion of patients with chronic low back pain improve with conservative 
treatments recommended by international clinical guidelines, such as exercise therapy, the 
effects of these interventions do not appear to be sustained for a large proportion of patients, 
and most of these patients will seek additional treatment and re-enter the healthcare 
system.123,124 A longitudinal study conducted in Denmark showed that people still report mild 
to moderate low back pain (mean intensity of 3 on a 0-10 pain scale), on an average of 3 days 
per week, after discharge from conservative treatment.125 Moreover, 32% will seek additional 
care over the course of 5 years after primary care treatment.126  
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 Although it has been previously suggested that pain intensity is the main driver of care-seeking 
behaviour among individuals with pain,127 a recent systematic review has shown that disability, 
rather than pain, is the strongest determinant of care-seeking behaviour in people with chronic 
low back pain.128 This is an important finding to support the implementation of better and more 
efficient strategies, targeted at meeting patients’ needs and expectations, with a greater focus 
on disability, rather than pain.  
 
In order to decrease disability and avoid functional decline, advice to remain active is 
recommended as  a management strategy for patients with chronic low back pain.114 However, 
the literature has indicated that people with chronic low back pain tend to become more 
sedentary during their leisure time than those without chronic low back pain.105,129,130 
According to qualitative studies exploring the experiences, opinions, and treatment 
expectations of chronic low back pain patients,131,132 patients recognise the value of advice and 
exercise, but they usually mistrust the appropriateness of this approach given the fact that a 
precise diagnosis of their condition is rarely given, and symptoms often recur.131 Consequently, 
poor adherence to advice and physical activity seems to be the primary factor limiting the 
potential effectiveness of long-term active self-management strategies for chronic low back 
pain.131 A systematic review of 20 high-quality cohort studies found substantial evidence 
suggesting that poor treatment adherence was correlated to low levels of physical activity at 
baseline, low self-efficacy, depression, anxiety, insufficient social support/activity, greater 
perceived number of barriers to exercise and increased pain levels during exercise.133 
 
22
1.4.2 A potential approach targeting physical activity to reduce the burden of chronic low 
back pain 
 
The current evidence suggests that one of the main contributors to the clinical decline in 
patients with low back pain after treatment discharge is patients’ lack of adherence and 
motivation to maintain recommended physical activity levels as part of self-management 
strategies for low back pain.133 Leisure physical activity may have a positive impact on the 
course of chronic low back pain, with patients who are physically active demonstrating less 
pain and disability and consequently better quality of life than those who fail to maintain 
adequate levels of physical activity.17,134,135 However, evidence suggests that patients with 
chronic low back pain are less likely to meet the recommended physical activity levels and are 
considered less active compared to individuals without low back pain.105,129 Therefore, 
strategies to increase adherence to physical activity, especially after treatment discharge, are 
needed to improve health outcomes and potentially reduce costs by avoiding unnecessary 
healthcare utilisation.  
 
1.4.2.1 Health behaviour change approach 
 
Health coaching is an approach that aims to encourage healthier lifestyle choices and promote 
better management of conditions based on behaviour change theory. Health coaching usually 
utilises principles of goal setting determined by the patients, and motivational interviewing 
techniques.136-138 There is evidence to suggest that health coaching can lead to positive changes 
in health behaviours, including an increase in physical activity,139 improvements in nutrition,140 
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smoking cessation,141 and better self-management of chronic conditions.142 However, there is 
conflicting evidence as to the effect of health coaching based interventions for people with 
chronic low back pain.143,144 A systematic review of clinical trials concluded that the impact of 
health coaching on low back pain remains uncertain.143 Most trials published to date have not 
clearly defined the principles on which health coaching is based (e.g. behaviour change theory, 
motivational interviewing), or the methods by which coaches are trained (e.g. certified courses, 
amount of training), which hinders comparisons across previous studies.  
 
1.4.2.2 Communication technologies  
 
Communication technologies such as smartphone apps, web apps, and websites are valuable 
tools in improving the accessibility of treatment and addressing the common barriers to health 
behaviour change through the delivery of timely, individually tailored, and contextually 
meaningful behavioural interventions.145,146 Interventions to increase physical activity based 
on smartphone apps are becoming popular as they promise to facilitate patient access and 
adherence to health interventions. Systematic reviews have explored the effectiveness of 
health-related apps targeting physical activity and specific health conditions, such as low back 
pain, and concluded that most apps offer poor quality information, had poor visual appeal, and 
questionable credibility.145-148 The validity and effectiveness of the majority of these apps have 
not been rigorously assessed in randomised controlled trials.148 
 
Moreover, an approach frequently incorporated in interventions to promote physical activity is 
the provision of feedback. Recently, wearable physical activity trackers, such as the Fitbit, 
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have been used to provide interactive feedback and individualised support on real-time 
physical activity behaviour (e.g. step counts) using the web, tablet, or smartphone interfaces 
and social media. Interventions using wearable devices to provide feedback on physical 
activity have been shown to be effective in increasing physical activity levels in patients with 
musculoskeletal pain, including low back pain149.   
 
In order to overcome the clinical decline following discharge from conservative treatment, and 
to reduce unnecessary healthcare utilisation, it is essential to address patients’  limited 
adherence to physical activity recommendations. To address this research gap, a randomised 
controlled trial has been designed: The Integrating Mobile health and Physical Activity to 
reduce the burden of Chronic low back pain Trial (IMPACT). The IMPACT study aims to 
investigate the effectiveness of a health coaching, and mobile health supported physical 
activity intervention (compared to standard care) in reducing care-seeking, pain, and disability 
in people with chronic low back pain after treatment discharge. Chapter Five of this thesis 
describes the protocol of the IMPACT feasibility study and Chapter Six reports the 
preliminary results. 
 
1.5 Aims of this thesis 
 
The broad aim of this thesis was to investigate the association between physical activity and 
chronic low back pain. 
 
The specific aims are to: 
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 1. Investigate whether different types and intensities of leisure (walking, moderate, and 
vigorous-intensity), and occupational (e.g. twisting, bending, lifting weight) physical 
activity, are associated with chronic low back pain.  
 
2. Investigate if physical inactivity (i.e. sedentary behaviour) is associated with the lifetime 
prevalence of chronic low back pain and the risk of developing chronic low back pain, 
when genetics and early environmental factors are accounted for, using a cohort of twins.  
 
3. Investigate the influence of familial factors on the prognosis of spinal pain in adult 
offspring, and whether offspring lifestyle behaviour, such as physical activity levels and 
BMI modified this association, using family-linkage data. 
 
4. Investigate the feasibility and preliminary efficacy of a health coaching and mobile health 
supported physical activity intervention (compared to standard care), in decreasing care-
seeking, pain, and disability in people with chronic low back pain after discharge from 
treatment, using a randomised controlled trial design.  
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Abstract
Background: Low back pain is a highly prevalent and disabling musculoskeletal disorder. Phys-
ical activity is widely used as a prevention strategy for numerous musculoskeletal disorders;
however, there is still conﬂicting evidence as to whether physical activity is a protective or risk
factor for low back pain or whether activity levels differ between people with and without low
back pain.
Objective: To investigate the association between low back pain and different types (occupa-
tional and leisure) and intensities (moderate and vigorous) of physical activity.
Methods: This is cross-sectional observational study. We included in this study a total of 1059
individuals recruited from a Spanish twin registry with data available on low back pain. Out-
come: Self-reported leisure and occupational physical activity were the explanatory variables.
The low back pain outcome used in this study was recurrent low back pain.
Results: Our results indicate that leisure physical activity is associated with a lower preva-
lence of recurrent low back pain. In contrast, occupational physical activity, such as carrying,
lifting heavy weight while inclined, awkward postures (e.g. bending, twisting, squatting, and
kneeling) are associated with a higher prevalence of recurrent low back pain. There was no sta-
tistically signiﬁcant association between other occupational physical activities, such as sittingain.
cupational physical activity are likely to have an opposed impact on
e physical activity appears to be protective, occupational physical
mful to low back pain. Future longitudinal studies should assistor standing, and low back p
Conclusion: Leisure and oc
low back pain. While leisur
activity appears to be harPlease cite this article in press as: B. Amorim A, et al. Is occupational or leisure physical activity associ-
ated with low back pain? Insights from a cross-sectional study of 1059 participants. Braz J Phys Ther. 2018,
https://doi.org/10.1016/j.bjpt.2018.06.004
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in formulating guidelines addressing speciﬁc types and intensity of physical activity aimed at
effectively preventing low back pain.
© 2018 Associac¸ão Brasileira de Pesquisa e Pós-Graduac¸ão em Fisioterapia. Published by Elsevier
Editora Ltda. All rights reserved.
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Lntroduction
ow back pain (LBP) is the musculoskeletal disorder respon-
ible for the greatest level of disability worldwide,1,2 with
4% of individuals expected to experience LBP during their
ifetime.3 The point-prevalence of chronic LBP is approxi-
ately 23%, and about 12% of people will experience activity
imitations because of their LBP.4,5 In addition to these
mpressive ﬁgures, the impact of LBP continues to grow.6
ccording to the latest global burden of disease report,
he burden of LBP has increased by 60% between 1990 and
015 (assessed using disability-adjusted life years).7 It is
elieved that this growth is partially due to the widespread
ffect of poor lifestyle choices, including sedentary
ehavior.8--10
The beneﬁts of physical activity on an individual’s social,
sychological, and biological health are substantial.11,12
ngagement in regular moderate-intensity physical activity
an reduce the risk of morbidity and all-cause mortality,13--17
hile physical activity is widely used as a prevention strat-
gy for chronic diseases such as diabetes, osteoporosis,
ardiovascular disease, depression, and numerous muscu-
oskeletal disorders, including LBP.18,19 Physical activity has
een widely recommended in clinical guidelines for LBP.20
owever, the guidelines are silent in regards to which types
nd intensities of physical activity.21
Despite increasing research investigating the relationship
etween physical activity and LBP, there is still conﬂict-
ng evidence as to whether physical activity is a protective
r a risk factor for LBP.22 Issues related to the direction
f the relationship and strength of association remains
nclear.23 For instance, systematic reviews have found
ontradictory evidence for the association between LBP
nd leisure physical activity and sports participation.23,24
owever, exposure to high occupational workloads and
requent lifting activities appear to be strongly associ-
ted with LBP.23 A potential limitation of previous studies
s that physical activity is assessed as the sum of all
eisure or occupational activities, making it difﬁcult to
dentify the intensity and type of physical activity that
mpacts on LBP. The discrepancy in the literature is likely
ttributed to the different deﬁnitions of levels of physical
ctivity.23,25
To our knowledge, no single study has investigated
he association between different types (occupational or
eisure) and intensities (moderate or vigorous) of physical
ctivity and LBP. The aim of this study is to investigate thePlease cite this article in press as: B. Amorim A, et a
ated with low back pain? Insights from a cross-sectional
https://doi.org/10.1016/j.bjpt.2018.06.004
ssociation between LBP and different types and intensity
f occupational (e.g. twisting, bending, lifting weight), and
eisure (walking, moderate, and vigorous-intensity) physical
ctivity.
d
u
c
t
48ethods
esign, study sample and data collection
cross-sectional observational design was used. The sam-
le for this study comprised monozygotic (MZ) and dizygotic
DZ) twins registered in the Murcia Twin Registry (MTR),
population-based twin registry of adult multiples born
etween 1940 and 1966 in the region of Murcia, Spain. The
TR is a joint effort between the University of Murcia and
he Regional Health Authority and currently has over 2300
articipants. In brief, participants were recruited through
he public health system, which keeps up-to-date records of
ll the residents in the area. People who were born on the
ame date and had the same family name were contacted
nd invited to participate in the MTR provided both twins in
pair were alive at the time of enrolment, and neither had
ny disorder or disability which would limit their voluntary
nd conscious participation.26
Twin samples are classically used to disentangle the
elative effect of genetics and environment on complex phe-
otypes, but that is not their only utility. A cohort of twins
s a great opportunity for epidemiological research as twins
an be treated as a regular cohort of individuals; especially
hen population-based and representative of the general
opulation.27 The MTR sample has shown to adequately rep-
esent the reference population in its geographical area.28
onsequently, since the objective of this study was not the
etermination of the relative effects of genetic and environ-
ental factors on the relationship between LBP and physical
ctivity, data on twin zygosity and subsequent analyses are
ot provided.
For this cross-sectional study, data were collected in
013 including demographics, anthropometric data, a basic
ealth history, and self-reported health-related question-
aires, using phone and face-to-face interviews. All registry
nd data collection procedures involved in the develop-
ent of the MTR were approved by the University of Murcia
thics committee, Murcia, Spain. All participants included in
he MTR were requested to sign an informed consent form.
ll data collection was conducted by trained assessors who
ere blinded to the outcomes of the study.
ssessment of LBP
BP was comprehensively assessed in 2013 from questionsl. Is occupational or leisure physical activity associ-
study of 1059 participants. Braz J Phys Ther. 2018,
erived from standardized deﬁnitions aimed to facilitate
niformity across epidemiological studies.29 The LBP out-
ome used in this study was recurrent LBP. We selected
he cases with a more recent presentation of LBP to
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Physical activity and low back pain
more efﬁciently synchronize the assessment of LBP with
participants’ report of physical activity engagement in the
past week. Initially, the presence of lifetime chronic LBP
was assessed by the following question: (i) ‘‘Have you ever
suffered from chronic LBP?’’ Chronic LBP was described
as pain in the lower back lasting for six months or longer,
including seasonal and recurrent episodes. Participants
responding ‘yes’ were asked a follow-up question: (ii) When
was the last time you experienced LBP?’’ This question was
followed by (iii) ‘‘How long has it been since you have had a
whole month pain free?’’ Participants indicating they have
suffered from chronic LBP (i), experienced LBP ‘within the
past 4 weeks’ (ii), and have had a pain free month within
the last ‘3 months’ (iii), were considered to have a history
of chronic LBP, experiencing current symptoms consistent
with a new recurrent episode.
Assessment of leisure physical activity
Leisure physical activity was assessed with questions
adapted from the Active Australia Survey,30 which has been
proved to be valid and reliable for accessing physical activity
in large-scale population-based studies.31--34 First, partici-
pants were asked about their engagement in walking during
the past week. The variable walking was created based on
the participant’s response to the following questions: (i) ‘‘In
the last week, how many times have you walked continu-
ously, for at least 10min for recreation, exercise, or to get
to or from places?’’; (ii) ‘‘What do you estimate was the
total time that you spent walking in this way in the last
week?’’
Second, participants were asked about their engagement
in vigorous-intensity physical activity. The variable vigorous
physical activity was determined by participants’ response
to the following questions: (i) ‘‘In the last week, how many
times did you do any vigorous physical activity for at least
10min which made you breathe harder or puff and pant?
(e.g. jogging, cycling, aerobics, competitive tennis)’’, (ii)
‘‘What do you estimate was the total time that you spent
doing this vigorous physical activity in the last week?’’
Finally, participants were asked about their engagement
in moderate-intensity physical activity:
(i) ‘‘In the last week, how many times did you do any
other more moderate physical activities for at least 10min
that you have not already mentioned? (e.g. gentle swim-
ming, social tennis, golf)’’; (ii) ‘‘What do you estimate was
the total time that you spent doing these activities in the
last week?’’
Since it is likely walking is a common form of exercise
in the Spanish population, we included walking as a type of
moderate-intensity physical activity despite being unable to
assess intensity.
We also created a total physical activity category com-
bining the total time spent in vigorous-intensity physical
activity, plus moderate-intensity physical activity and walk-
ing, in the last week, considering that many people may notPlease cite this article in press as: B. Amorim A, et a
ated with low back pain? Insights from a cross-sectional
https://doi.org/10.1016/j.bjpt.2018.06.004
engage in only one type of physical activity but a combina-
tion of different types. We used as variables, the total time
in minutes of each category: moderate (including walking),
vigorous, and total physical activity.
T
m
o
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ssessment of occupational physical activity
detailed assessment of occupational physical activity
as performed with questions adapted from the Hollmann
uestionnaire,35 which is a reliable and valid instrument
or assessing physical workload. Participants were asked
ow often they work in a speciﬁc position on their cur-
ent job (e.g. trunk upright, trunk twisted, squatting, etc.)
nd whether they lift or carry light or heavy weight while
orking (Appendix 1). We used the data from 17 different
ork postures, with some variables being created through
he combination of different postures.
ssessment of co-variables
e performed univariate logistic regression to explore
otential confounders that should be adjusted for in the
ultivariate models. Investigation of potential confounders
uch as age, gender, Body Mass Index (BMI), sleep qual-
ty, and symptoms of depression or anxiety was based
n previous studies in the ﬁeld.36,37 If the univariate
ssociation between co-variables, the outcome and the
redictor, reached a signiﬁcance of <0.2, these variables
ere adjusted for in the multivariate logistic regression
odels.
ata analysis
ata analysis was performed using STATA statistical soft-
are (version 13.0, STATA Corp., College Station, TX).
e conducted descriptive analyses for all study varia-
les to summarize the data. Our outcome variable was
ecurrent LBP. Our explanatory variables were leisure
hysical activity and occupational physical activity. We
onducted an unadjusted univariate total sample anal-
sis to explore the association between LBP and the
ifferent types of physical activity. In addition, we per-
ormed multivariate analysis including the pre-selected
onfounders as described above. We set the ˛ level for
ll the ﬁnal regression models at <0.05. Odds ratios
OR) with 95% conﬁdence intervals (CIs) were calcu-
ated.
esults
ample characteristics
here were 1059 twins (384 MZ, 675 DZ) with data available
n LBP from the 2013 data collection wave. The mean age
standard deviation (SD)] of participants in the total sample
as 56.7 (7.1), and 884 (55%) were females. Of those that
esponded the follow-up wave, only 4% reported recurrent
BP. Further details regarding sample characteristics can be
ound in Table 1.
eisure physical activityl. Is occupational or leisure physical activity associ-
study of 1059 participants. Braz J Phys Ther. 2018,
he results showed a strong inverse association between
oderate (OR = 0.44, 95% CI: 0.25 to 0.78, p = 0.006), vig-
rous (OR = 0.12, 95% CI: 0.01 to 0.91, p = 0.041), and total
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Table 1 Characteristics of participants at baseline divided by subgroups according to low back pain status.
Variables Recent LBP
Yes No
n Mean (SD) or % n Mean (SD) or %
Age (years) 43 53.7 (7.3) 1016 53.4 (7.2)
Gender (male) 43 23.2 1016 46.8
Zigosity (MZ) 15 3.9 369 96.0
Moderate PA 43 46.5 1009 68.9
Vigorous PA 43 2.3 1000 21.0
Always upright 14 92.8 352 92.0
Any inclination 14 71.4 354 54.8
Any awkward posture 14 50.0 362 22.6
No load 14 92.8 362 97.5
Straight upright 14 64.2 374 49.1
Slightly inclined 14 64.2 377 48.5
Strongly inclined 14 14.2 369 15.7
Twisted 14 21.4 366 15.2
Sitting 14 14.2 373 39.9
Standing 14 14.2 317 26.5
Squatting 13 7.6 233 3.4
Kneeling 13 7.6 234 3.8
Walking 14 14.2 340 31.1
BMI (kg/m2) 40 27.1 (5.4) 951 27.1 (4.2)
LBP, low back pain; PA, physical activity; BMI, Body Mass Index; n, number of participants; SD, standard deviation; MZ, monozygotic; DZ,
dizygotic.
Table 2 Cross-sectional association between leisure physical activity and low back pain adjusted for confounders.
Multivariate models OR (95% CI) p-Value R2
Moderate PAa,b (n = 1052) 0.44 (0.25--0.78) 0.01 0.06
Vigorous PAa,b (n = 1043) 0.12 (0.01--0.91) 0.04 0.07
Total Leisure PAa,b (n = 1010) 0.36 (0.20--0.65) 0.00 0.06
PA, physical activity; OR, odds ratio; CI, conﬁdence interval; n, number of participants.
a Adjusted for age and sex;
b Adjusted for depression/anxiety levels.
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Figure 1 Inﬂuence of different dosages of leisure physicalhysical activity and LBP (OR = 0.36, 95% CI: 0.20 to 0.65,
= 0.001) (Table 2) (Fig. 1). These analyses were adjusted
or age, gender, and symptoms of depression or anxiety.
ccupational physical activity
he results showed a strong association between lifting
r carrying heavy weight on trunk while inclined and LBP
OR= 5.0, 95% CI: 1.3 to 18.7, p = 0.02). Likewise, any awk-
ard posture at work was strongly associated with LBP
OR= 3.1, 95% CI: 1.0 to 9.0, p = 0.04). For the other varia-
les (e.g. sitting or standing). There was no statistically
igniﬁcant association between the remaining occupationalPlease cite this article in press as: B. Amorim A, et al. Is occupational or leisure physical activity associ-
ated with low back pain? Insights from a cross-sectional study of 1059 participants. Braz J Phys Ther. 2018,
https://doi.org/10.1016/j.bjpt.2018.06.004
hysical activity variables (e.g. sitting, standing) and LBP
Table 3) (Fig. 2). These analyses were also adjusted for age,
ex, and symptoms of depression or anxiety were included
n these multivariate models.
activity (moderate, vigorous and total) in the prevalence of
recent LBP based on odds ratio (OR) and 95% conﬁdence inter-
vals.
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Table 3 Cross-sectional association between occupational PA (workload variables) and the presence of recent LBP adjusted for
confounders.
Multivariate models n OR (95% CI) p-Value R2
Straight uprighta,b 338 2.39 (0.77--7.39) 0.13 0.06
Always uprighta,b 366 1.07 (0.13--8.22) 0.95 0.01
Slightly inclineda,b 391 1.75 (0.58--5.25) 0.31 0.05
Strongly inclineda,b 383 0.95 (0.20--4.41) 0.95 0.04
Trunk twisteda 380 1.43 (0.34--6.01) 0.62 0.04
Sittinga,b 387 0.28 (0.05--1.38) 0.12 0.07
Standinga 332 0.53 (0.11--2.58) 0.44 0.05
Squattinga 246 2.37 (0.26--20.99) 0.44 0.01
Kneelinga 247 2.08 (0.24--17.97) 0.50 0.01
Walkinga 354 0.40 (0.08--1.96) 0.26 0.05
Light weight on trunk uprighta,b 390 0.54 (0.15--1.96) 0.35 0.01
Heavy weight on trunk uprighta,b 374 1.16 (0.12--11.01) 0.89 0.01
Light weight on trunk while inclineda 390 0.51 (0.06--4.13) 0.53 0.01
Heavy weight on trunk while inclineda 377 4.99 (1.33--18.74) 0.02 0.04
Any inclinationa 368 1.98 (0.63--6.24) 0.24 0.02
Any awkward posture at worka,b 376 3.08 (1.05--9.07) 0.04 0.07
OR, odds ratio; CI, conﬁdence interval; n, number of participants.
a Adjusted for age and sex.
b Adjusted for depression/anxiety levels.
Occupational Physical Activity 
Heavy weight on trunk while inclined
Straight upright
Squatting
Kneeling
Any inclination
Slightly inclined
Trunk twisted
Heavy weight on trunk upright
Always upright
Strongly inclined
Light weight on trunk upright
Any awakward posture at work
Standing
Light weight on trunk while inclined
Walking
Sitting
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
O.R
Figure 2 Inﬂuence of different occupational physical activity in the prevalence of recent LBP based on odds ratios and 95%
conﬁdence intervals.
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iscussion
ummary of ﬁndings
n this cross-sectional study, we investigated the relation-
hip between different types and intensity of leisure and
ccupational physical activity, and recurrent LBP among
eople with a history of chronic LBP. Our ﬁndings demon-
trate that leisure physical activity is associated with a lower
revalence of LBP. Likewise, because of the cross-sectional
ature of our study, the results also show that people with
ecurrent LBP are engaging less in leisure physical activ-
ty. In contrast, some postures that people adopt in the
ccupational setting, such as carrying, lifting heavy weight
hile inclined, or adopting awkward postures (e.g. bend-
ng, twisting, squatting, and kneeling) are associated with
higher prevalence of recurrent symptoms of LBP. How-
ver, less complex postures such as sitting, standing, or
alking are not associated with the prevalence of recurrent
BP.
omparison of ﬁndings with previous research
n regards to the relationship between leisure physical activ-
ty and LBP, our ﬁndings are consistent with the results
f recent systematic reviews.22,38 Shiri and Falah-Hassani22
oncluded that leisure physical activity might reduce the
isk of chronic LBP by 11%--16%. Another systematic review38
nvestigating the relationship between physical activity and
BP concluded that people with chronic LBP with high levels
f disability are likely to have low levels of physical activity.
ther studies investigating the effect of physical activity
ntervention on a chronic pain population have suggested
hat physical activity may improve pain severity, physical
unction, as well as quality of life.39,40
Likewise, our results are in agreement with previous
rospective studies investigating the effects of occupational
hysical activity for LBP. Heuch et al.41 conducted a lon-
itudinal study with 14,915 adults aged 20 years or older
nd concluded that heavy physical workload increases the
isk of chronic LBP. Another study42 showed that early expo-
ure to heavier physical workload might have a long-lasting
ffect on the risk of LBP. Esquirol et al.43 also concluded
hat occupational factors have an important inﬂuence on the
ncidence of LBP. Whereas other studies,44,45 found that sit-
ing or standing were not independently associated with LBP.
owever, a recently published systematic review could not
onﬁrm a causal relationship between occupational physical
ctivity and LBP because there is still a lack of high-quality
esearch investigating a causation pathway that can conﬁrm
his relationship.46
To date, the literature has provided insufﬁcient evidence
s to the extent which types and intensities of physical activ-
ty may increase or decrease the risk of developing LBP.47
he discrepancy in the literature is likely attributed to the
ifferent deﬁnitions of levels of physical activity and the
ack of clariﬁcation on the type of physical activities inves-Please cite this article in press as: B. Amorim A, et a
ated with low back pain? Insights from a cross-sectional
https://doi.org/10.1016/j.bjpt.2018.06.004
igated. Activities such as long walks and bike riding have
een deﬁned as strenuous physical activity in a longitudinal
tudy identifying a protective effect,25 whereas the same
ypes of physical activities were considered as of moderate
p
c
S
r
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ntensity in another study that did not ﬁnd any association
ith chronic LBP.23 A design limitation of previous studies is
hat comparisons across different types of physical activities
re rarely performed in the same study.
mplications of study ﬁndings
linicians should consider promoting the engagement in
eisure physical activity in this population, such as encour-
ging walking as a leisure activity on a daily basis,48--50
specially through behavioral change techniques as there is
rowing evidence in the ﬁeld suggesting that this approach
ight increase participation and adherence.51,52 However,
he effects of such strategies should still be investigated in
uture prospective studies. Furthermore, given that some
ostures and loads adopted at work are more common
n individuals with recurrent LBP, clinicians should con-
ider performing a detailed assessment of an individual’s
ccupational physical activities given these will probably
ave different effects on LBP.
Clinicians should also discuss the potential negative
ffect of frequent exposure to heavy lifting while inclined or
wkward postures such as twisting, bending, squatting and
neeling in patients who frequently adopt these activities
t work. Moreover, ergonomic advice regarding the use of
ody posture as a tool that can be changed to meet the job
emands with minimum stress on the muscles, ligaments,
ones and joints should be emphasized. A study looking at
orkplace prevention and musculoskeletal injuries in nurses
howed that nurses with lifting devices and lifting teams
n their workplace were signiﬁcantly less likely to report
eck or back pain.53 Another study investigating a multi-
aceted intervention consisting of participatory ergonomics,
hysical training, and cognitive behavior therapy showed a
eduction in LBP among workers in eldercare.54 Therefore,
ultifaceted interventions aiming at reducing workers’
ngagement in some occupational postures adopted at work,
uch as twisting, bending or lifting heavy weights, as well as
ncouragement to incorporate the practice of leisure phys-
cal activity while at work, may be relevant for improving
BP in a working population.
According to the latest global burden of disease report,
ccupational ergonomic factors are responsible for 31% of
isability-adjusted life years due to LBP.7 The highest occu-
ational risk is found in service industries and manual labor,
specially agriculture. However, the management of most
BP cases remains mostly focused on pain relief and pre-
ention of worsening outcomes through conservative care.
aking into consideration the great burden and the related
conomic consequences of lost work time, identiﬁcation of
ffective preventive measures for LBP should be a priority
or research.
trengths and limitations
his study has several strengths. First, occupational phys-
cal activity examined the combination of different bodyl. Is occupational or leisure physical activity associ-
study of 1059 participants. Braz J Phys Ther. 2018,
ostures at work, which reﬂects a more realistic scenario,
ompared to the adoption of single plane movement.
econd, both the outcome and the explanatory variables
eferred to a close and synchronized time point. Our
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Physical activity and low back pain
outcome of recurrent LBP referred to pain within the past
four weeks, while leisure physical activity and occupational
physical activity, referred to activities within the last week.
When interpreting the ﬁndings of our analyses we also
need to take into account some general study limitations.
First, our study employed a cross-sectional design which
limits the possibility of identifying a causal relationship
between physical activity and LBP (or eliminating reverse
causation). Second, we could not run any within-pair twin
case-control analysis as there was a dramatic decrease in the
sample size when discordant twin pairs were identiﬁed, and
therefore the effects of genetics on the LBP-physical activ-
ity relationship could not be explored. Lastly, data on leisure
and occupational physical activity were self-reported, and
it is known that participants are likely to overestimate
or underestimate their engagement in physical activity.55
However, the detailed description of different types of phys-
ical activities that we employed could only be assessed via
self-reported tools as the MTR is a large population-based
study.
Future high-quality longitudinal research is needed to
identify whether a speciﬁc type and intensity of physical
activity increase the risk of developing LBP. This may be
challenging due to difﬁculties in obtaining accurate, objec-
tive measurements of intensity, duration, frequency, and
type of physical activity performed.56 However, advance-
ments in technology are gradually assisting in overcoming
this barrier, evident by many studies making the transi-
tion from self-reported measurements of physical activity
to pedometers57 and accelerometers.58,59 Accelerometers
have been identiﬁed to be a more accurate tool for mea-
suring physical activity compared to pedometers60 and
self-reported measurements,61 although they still present
limitations regarding calibration and structural modeling.62
Future methods are required to obtain more accurate phys-
ical activity objective measurements.
Conclusion
Our study highlights that leisure and occupational physical
activities are likely to have a different and divergent inﬂu-
ence on LBP. Our results suggest the relationship between
physical activity and LBP is highly dependent on how it is
deﬁned and assessed. Clinicians may support their patients
to engage in leisure physical activity with the support of
informed assessment of risks and explanation of the range
of potential beneﬁts.
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ppendix 1. Deﬁnition of the occupational
hysical activity variables
tudy variables Original variables
lways upright Straight, upright
Standing
Walking
Light weight, lifted/carried while
upright trunk
Medium weight, lifted/carried
while upright trunk
Heavy weight, lifted/carried while
upright trunk
ny awkward posture
at work
Trunk twisted
trunk laterally bent
squatting
kneeling with one or both knees
ny inclination Slightly inclined
Strongly inclined
Light weight, lifted/carried while
inclined trunk
Medium weight, lifted/carried
while inclined trunk
Heavy weight, lifted/carried while
inclined trunk
o load Straight upright
Slightly inclined
Strongly inclined
Twisted
Laterally bent
Sitting
Squatting
Kneeling
Standing
Walking
traight upright Straight, upright
lightly inclined Slightly inclined
trongly inclined Strongly inclined
runk twisted Twisted
itting Sitting
tanding Standing
quatting Squatting
neeling Kneeling
alking Walking
ight weight on trunk
upright
Light weight, lifted/carried while
upright trunk
eavy weight on
trunk upright
Heavy weight, lifted/carried while
upright trunk
ight weight on trunk
while inclined
Light weight, lifted/carried while
inclined trunkl. Is occupational or leisure physical activity associ-
study of 1059 participants. Braz J Phys Ther. 2018,
eavy weight on
trunk while inclined
Heavy weight, lifted/carried while
inclined trunk
R, odds ratio; CI, conﬁdence interval; n, number of participants.
Adjusted for age and sex; bAdjusted for depression/anxiety levels.
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Abstract BACKGROUND: The relationship between sedentary lifestyle and low back pain (LBP) remains
unclear and previous research has not accounted for genetic and early environmental factors.
PURPOSE: Our aim was to investigate if sedentary behavior is associated with the lifetime prev-
alence of persistent LBP and the risk of developing persistent LBP, care-seeking due to LBP, and
activity limiting LBP when genetics and early environmental factors are accounted for.
STUDY DESIGN: Both cross-sectional and longitudinal designs with a within-pair twin case-
control were implemented.
PATIENT SAMPLE: There were 2,148 twins included in the cross-sectional analysis whereas 1,098
twins free of persistent LBP at baseline were included in the longitudinal analysis.
OUTCOME MEASURES: Sedentary behavior was the explanatory variable. Lifetime prevalence
of LBP was the outcome variable in the cross-sectional analysis. The incidence of persistent LBP,
care-seeking due to LBP, and activity limiting LBP were the outcome variables for the longitudinal
analysis.
METHODS: This observational study was supported by a grant in 2012. No competing interests
were declared.
RESULTS: In the cross-sectional analysis, sedentary behavior was slightly associated with an in-
creased prevalence of persistent LBP in females but not in males. This association was not apparent
when genetics and early environmental factors were accounted for. We acknowledge that the small
sample included in the co-twin analyses have yielded wide confidence intervals, and that caution
should be exercised when interpreting and an association may not be ruled out. In the longitudinal
analysis, sedentary behavior did not significantly increase the risk of persistent LBP, care-seeking
due to LBP, or activity limiting LBP.
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CONCLUSIONS: Sedentary behavior is associated with concurrent LBP. However, this associa-
tion is weak; it only appears in females and decreases when accounting for genetics. Future studies
using a twin design with larger samples should be conducted to further test these findings. © 2017
Elsevier Inc. All rights reserved.
Keywords: Epidemiology; Genetics; Low back pain; Physical activity; Sedentary behavior; Twin study
Introduction
Low back pain (LBP) is one of the most prevalent health
conditions worldwide and the personal and societal burden
associated with LBP makes it a major public health concern
[1]. Relapses in pain (60%) and work absences (33%) are
common and substantially contribute to LBP being the highest
contributor to disability in the world [2,3]. In Spain alone,
the estimated average annual cost in lost working days for
LBP between 2000 and 2004 was over €160 million [4].
Recommended treatments for LBP offer only moderate ben-
efits, failing to significantly reduce pain and associated
disability, particularly in people with chronic symptoms [5].
Therefore, the identification of risk factors for LBP and the
resultant prevention strategies are crucial [6]. A significant
number of risk factors has been investigated in LBP; however,
most do not show a strong or consistent association with LBP
[7]. For example, even though obesity is frequently re-
ported as a risk factor for LBP, its effect is weak and disappears
when factors such as genetics and early environment are con-
sidered [8].
Lifestyle behaviors can significantly affect an individu-
al’s health. Modern living increases the tendency for people
to adopt a more sedentary lifestyle including more time spent
in sitting [9,10]. Parallel to the decline in people’s engage-
ment in daily levels of physical activity, research suggests that
musculoskeletal pain is more common now than it was 40
years ago [11]. This reduction in physical activity levels is
not only associated with the rise in chronic diseases such as
obesity and diabetes [12,13], but also potentially contribut-
ing to an increase in the prevalence and incidence of
musculoskeletal pain and disability [14]. For the general pop-
ulation, it has been suggested that sedentary behavior is
associated with a higher prevalence of LBP [15,16].
To further highlight the multidimensional nature of LBP,
there is now increasing evidence that genetic factors play an
important role in the development and prevalence of this con-
dition [17,18]. Twin studies have shown that genetic factors
contribute to the development of LBP [19,20], with a recent
systematic review indicating that heritability of LBP could
be as high as 67% [21]. The genetic influence in LBP appears
to be higher for more persistent and disabling cases [22]. More-
over, it has been suggested that the genetic makeup of a person
might moderate the influence of physical activity, or seden-
tary behavior, on LBP [23].
Although previous studies [14,24] have assessed the as-
sociation between sedentary behavior and LBP, to our
knowledge, no study has explored the influence of seden-
tary behavior on lifetime prevalence and occurrence of new
cases of LBP using a twin design that controls for the genetic
effects on LBP. It is likely that the relationship between
sedentarism and LBP is not elucidating without the consid-
eration of genetics and early environmental factors. Therefore,
we aimed to investigate whether sedentary behavior is asso-
ciated with the lifetime prevalence of LBP and with the risk
of developing persistent LBP after adjusting for genetic and
early environmental influences in a sample of adult twins from
Spain.
Methods
Design
We conducted both a cross-sectional and a longitudinal ob-
servational study using a within-pair twin case-control design.
Study sample and data collection
The study sample comprised monozygotic (MZ) and di-
zygotic (DZ) twins registered in a population-based twin
registry of adult multiples born between 1940 and 1966. The
registry currently has over 2,200 participants. Information on
the registry characteristics and recruitment procedures can be
found elsewhere [25].
Twin zygosity was ascertained by DNA in 338 twin pairs.
When this was not possible, a 12-item questionnaire focus-
ing on the degree of similarity and mistaken identity was used.
This questionnaire has been determined by DNA testing to
correspond well with zygosity with an agreement in nearly
96% of cases [25]. All registry and data collection proce-
dures involved in the present study obtained ethics approval.
Cross-sectional analysis
Data were collected between 2009 and 2011 (baseline) for
female, male, and opposite-sex twin pairs irrespective of par-
ticipants’ prevalence of LBP. Trained assessors using phone
and face-to-face interviews that included demographic in-
formation and self-reported health-related questionnaires
conducted data collection. Assessors were blinded to the pre-
dictors and outcomes of the study. The primary outcome
investigated in the cross-sectional analysis was lifetime prev-
alence of persistent LBP. Lifetime prevalence of persistent
LBP was assessed with the following question: “Have you
ever suffered from chronic LBP?,” with persistent LBP defined
and explained to participants as the presence of pain in the
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lower back area that lasted for 6 months or longer, includ-
ing seasonal or recurrent episodes.
Longitudinal analysis
Twins were included in the longitudinal analysis if they
answered the questionnaire both at baseline (from 2009 to
2011) and at follow-up (2013), and did not report persistent
LBP at baseline, based on the question of lifetime preva-
lence of LBP.
The main outcomes investigated in the longitudinal anal-
ysis were the occurrence of new cases of LBP, care-seeking
associated with persistent LBP, and activity limiting LBP. Di-
chotomous data on persistent LBP were gathered by asking
participants the following question: “Have you ever suf-
fered from chronic LBP?” Those participants who answered
“yes” to this question at follow-up were considered as having
persistent LBP. This question was followed by “Did you seek
medical help because of your persistent LBP?,” with care-
seeking defined as any medical help (including general
practitioner or physiotherapist) sought because of LBP. Ad-
ditionally, participants were asked the following question: “Was
this pain bad enough to limit your usual activities or change
your daily routine for more than one day?” Those partici-
pants who answered “yes” for these questions were considered
as “cases” for care-seeking, and for activity limiting LBP.
Explanatory variable
Data on sedentary behavior were collected using a cate-
gorical self-reported questionnaire involving 2 separate types
of physical activity questions: daily (work, domestic related)
and leisure (recreational) physical activity. Participants were
first asked to choose the best option that described their en-
gagement in daily physical activity. The options included the
following: (1) “sitting most of the time”; (2) “standing most
of the day with light physical efforts or movements”; (3)
“walking and transporting light weights with frequent dis-
placements, without using intense physical effort”; and (4)
“doing tasks that require a strong physical effort.” They were
then asked to select the best option that described their en-
gagement in leisure physical activity. The options included
the following: (1) “I do not practice exercise. My leisure time
is mostly sedentary (reading, watching TV, movies etc.)”; (2)
“Some sport or physical activity occasionally (walking, gar-
dening, soft gym, light efforts etc.)”; (3) “regular physical
activity several times a month (tennis, jogging, swimming,
cycling, team sports etc.)”; or (4) “physical training several
times a week.” Participants were categorized as sedentary if
they answered “sitting most of the time” or “standing most
of the day with light physical efforts or movements” for daily
physical activity; and also answered “I do not practice ex-
ercise, my leisure time is mostly sedentary (reading, watching
TV, movies etc.)” for leisure physical activity. The remain-
ing sample was categorized as nonsedentary. All questions
were based on the Spanish National Health Survey question-
naire [26]. The National Statistics Institute monitors
methodology for the Spanish National Survey. This ques-
tionnaire has been used since 1987. Multiple reports from the
Spanish Minister have been based on those questions [18,27].
In addition, the data based on those questions have been used
or referenced in a good number of papers [6,28,29].
Potential confounders
We performed univariate logistic regression models to
explore potential confounders that should be adjusted for in
the multivariate models. Age was entered in the models as a
continuous variable. Potential confounders included age, sex,
body mass index (BMI), smoking, sleep quality, and symp-
toms of depression or anxiety. Data on smoking were entered
as a dichotomous variable (current/occasional smoker or ex/
never smoker) whereas data on BMI were recorded as a
continuous variable. Participants’ subjective sleep quality was
assessed using the Spanish version of the Pittsburgh Sleep
Quality Index [30] and a dichotomous score was used for anal-
yses, based on the total score cutoff point of 5, with a score
greater than 5 indicating poor sleep quality [24]. Data on symp-
toms of depression or anxiety were collected using the
corresponding domain of the EuroQol-5 dimension ques-
tionnaire [31]. Participants were categorized into not depressed/
anxious or moderately/very depressed/anxious. We included
variables in the multivariate logistic regression models if the
p-values in the univariate models were <.2, except for age
and sex that were included into all multivariate analyses to
allow comparability between analytical models (ie, from total
sample through within-pair twin case-control analyses, where
same-sex twins are naturally matched for age and sex).
Data analysis
We attempted to perform the analysis investigating the as-
sociation between sedentary behavior and each LBP outcome,
for both the cross-sectional and longitudinal analyses, in 3
steps: (1) total sample analysis, (2) within-pair case-control
analysis for only DZ twins, and (3) within-pair case-control
analysis for only MZ twins.
We first investigated the association between sedentary be-
havior and LBP outcomes separately in the total sample of
twins using complete and incomplete twin pairs regardless
of concordance or discordance for LBP. Because twin pairs
were followed up for different periods, the total sample anal-
yses were adjusted for follow-up length. Both twins within
a pair were followed for the same period of time; therefore,
the within-pair case-control analyses were not adjusted for
follow-up length.
To adjust for genetic and early shared environmental in-
fluences on the association between sedentary behavior and
persistent LBP, we performed a subsequent within-pair twin
case-control analysis on all complete DZ and MZ twin pairs
discordant for LBP (1 twin reported persistent LBP [case]
whereas the other did not report persistent LBP [control]).
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For the longitudinal analysis, discordance of LBP was con-
sidered at follow-up for each LBP outcome separately. To allow
for a comparison of models between all twins and the case-
control analyses, the same variables that entered the
multivariate models in the total sample analysis were also in-
cluded in the case-control analysis, with irrelevant variables
omitted (eg, sex in MZ-only analysis). We used a fixed-
effect model in our analysis as a standard procedure.
Conditional logistic regression was used to perform the within-
pair twin case-control analysis. The analysis was performed
separately for males and females, depending on the avail-
ability of subsamples. In theory, the levels of adjustment for
confounders increase in each analytical phase: total sample
analysis >>DZ case-control analysis >>MZ case-control anal-
ysis. In the total sample analysis, the adjusting variables are
derived from the data only. In the within-pair twin case-
control analysis, adjustment for genetic and early shared
environmental factors is also employed, in addition to the con-
founders derived from the data. DZ twins share approximately
50% of their genes, whereas MZ twins share about 100% [32].
Although the use of DZ twins allows for the adjustment of
early common shared environment and partially genetics when
investigating risk factors for a condition, the full adjustment
for both the genetic effects and early common shared envi-
ronment is achievable with the use of MZ twins in the analysis.
By examining the patterns of associations (and not p-values
in isolation) between risk factors and a condition, progres-
sively from DZ twin pairs to MZ twin pairs, it is possible to
sequentially control for the impact of early common shared
environment and genetics, thereby gaining insights into pos-
sible causal relationships between variables.
Therefore, the MZ model provides the most adjusted and
precise result estimation. In theory, if the magnitude of the
association between 2 variables increases (or remains sig-
nificant) across the analytical phases, this is indicative of a
causal relationship, as the analyses get more direct and cleaner
throughout the phases. However, if the magnitude of the as-
sociation decreases or disappears, this is indicative of the initial
identified association being confounded by early shared en-
vironment and genetic factors (Figure). We interpreted results
based on the magnitude and plausibility of the associations,
as well as confidence intervals, rather than exclusively on
p-values [33,34].
We set the α level for all the final regression models at
<0.05. Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated and data analysis was performed using Stata
statistical software (version 13.0, STATA Corp., College
Station, TX, USA).
Results
Cross-sectional analyses
Sample characteristics
A total of 2,537 adult twins were initially contacted to com-
plete the initial health and lifestyle questionnaire, and 380
declined participation for various reasons, with an overall re-
sponse rate of 85%. Data on lifetime prevalence of persistent
LBP were available from 2,148 twins irrespective of concor-
dance or discordance for LBP, and these data were included
in the total sample analyses. A total of 361 complete and dis-
cordant MZ and DZ twin pairs were incorporated in the within-
pair twin case-control analyses. Female participants accounted
for 55% of the sample, and mean age of all participants was
53.7 years, with no significant difference in mean age between
males and females. The overall lifetime prevalence of per-
sistent LBP was 32%. In terms of sedentary behavior, 58%
of the sample reported to be physically inactive (Table 1).
Sedentary behavior and lifetime prevalence of persistent
LBP
In the total sample analysis, the variables that entered the
multivariate model were sedentary behavior, BMI, sex,
smoking, sleep quality, and symptoms of depression or anxiety.
Figure. Sequence of analytical stages from the total sample to the within-pair twin case-control analyses. An increase in the association from the total sample
to the MZ within-pair twin case-control analyses (Left) is indicative of an association consistent with causation, whereas a decrease (Right) is consistent
with genetics or early environment confounding the relationship. A stable and nonchanged association (not depicted) is indicative of genetics or early envi-
ronment not having a significant effect in the relationship. DZ, dizygotic; MZ, monozygotic.
ARTICLE IN PRESS
4 A.B. Amorim et al. / The Spine Journal ■■ (2017) ■■–■■
61
The multivariate analysis showed that sedentary behavior was
weakly associated with lifetime prevalence of persistent LBP,
being of borderline significance (OR: 1.2, 95% CI: 0.98–
1.46, p=.06). When the total sample analyses were stratified
by sex, sedentary behavior was associated with an in-
creased prevalence of persistent LBP in females (OR: 1.5, 95%
CI: 1.16–1.91, p=.001), but not in males (OR: 0.8, 95% CI:
0.54–1.12, p=.19). Similar results in terms of magnitude were
found in the within-pair twin case-control analyses for DZ
twins. In the within-pair twin case-control analyses for MZ
twins, the magnitude of the association was equal for both
sexes and not statistically significant (OR: 1.5, 95% CI: 0.79–
2.97, p=.20 [all individuals], OR: 1.4, 95% CI: 0.62–3.20,
p=.41 [females], OR: 1.4, 95% CI: 0.39–4.64, p=.62 [males])
(Table 2).
Longitudinal analysis
Sample characteristics
From the 1,607 participants who answered the question-
naires at baseline and follow-up, 1,098 twins did not have
persistent LBP at baseline and were included in the longitu-
dinal analysis. The reported mean age was 54 (SD=7.3) years,
and 53% were male. The overall occurrence of new cases of
LBP was 22%; 171 twins (16%) reported care-seeking as-
sociated with LBP and 205 twins (19%) reported activity
limitation associated with LBP. In terms of sedentary behav-
ior, 56% of the sample was categorized as sedentary (Table 3).
Sedentary behavior and persistent LBP
In the total sample analysis for persistent LBP, the vari-
ables sedentary behavior, age, sex, and symptoms of depression
or anxiety entered the multivariate model. In the total sample
analysis, sedentary behavior at baseline did not indepen-
dently increase the risk of developing persistent LBP (OR=1.3,
95% CI: 0.92–1.69, p=.15). We found a similar pattern in the
within-pair case-control analysis for DZ only (Table 4).
However, in the within-pair case-control analysis for MZ only,
there was an increase in the risk of developing persistent LBP
in sedentary twins (OR=4.0, 95% CI: 0.85–18.84, p=.08), al-
though not statistically significant. We could not stratify the
analysis by sex because of small numbers.
Sedentary behavior and care-seeking due to LBP
In the total sample analysis for care-seeking associated with
LBP, the variables that entered the multivariate model were
sedentary behavior, age, sex, depression, and sleep quality.
In the total sample analyses, sedentary behavior at baseline
did not increase the occurrence of new cases of care-
seeking due to LBP (OR=1.3, 95% CI: 0.93–1.78, p=.12).
Table 1
Characteristics of participants at baseline for the total sample and subgroups according to low back pain status
Variables
All participants Lifetime prevalence of chronic LBP
Total Yes No
n Mean (SD) or % n Mean (SD) or % n Mean (SD) or %
Age (years) 2,148 53.6 (7.3) 694 53.7 (7.3) 1,454 53.4 (7.2)
Gender (male) 971 45.2 212 30.5 759 52.2
MZ male 288 13.4 59 8.5 229 15.8
MZ female 419 19.5 181 26.0 238 20.1
DZ male 362 16.8 85 12.2 277 16.8
DZ female 407 18.9 181 26.0 226 15.9
DZ opposite sex 672 31.2 188 27.0 484 33.2
Depression and anxiety* 466 21.8 219 31.6 247 17.1
Sleep quality† 958 44.6 99 40.4 318 37.3
Smoking‡ 892 41.7 303 43.8 589 40.7
Sedentarism§ 1,011 57.8 351 60.5 660 56.5
BMI (kg/m2) 2,091 27.4 675 27.7 1,416 27.3
BMI, body mass index; DZ, dizygotic; LBP, low back pain; MZ, monozygotic; n, number of participants; SD, standard deviation.
* Indicates presence of symptoms of depression and anxiety.
† Indicates poor sleep quality.
‡ Indicates current smokers.
§ Indicates presence of sedentary behavior.
Table 2
Cross-sectional association between sedentary behavior and LBP for the total
sample and case-control analyses
Multivariate models* OR (95% CI) p-Value
Total sample analysis
All individuals (n=2,058 twins) 1.2 (0.98–1.46) .063
Female (n=1,112 twins) 1.5 (1.16–1.91) .001
Male (n=946 twins) 0.8 (0.54–1.12) .191
DZ case-control analysis
All individuals (n=456 twins) 1.3 (0.82–2.02) .271
Female (n=150 twins) 1.8 (0.81–3.88) .146
Male (n=96 twins) 0.6 (0.24–2.95) .806
MZ case-control analysis
All individuals (n=228 twins) 1.5 (0.79–2.97) .201
Female (n=156 twins) 1.4 (0.62–3.20) .410
Male (n=72 twins) 1.4 (0.39–4.64) .626
CI, confidence interval; DZ, dizygotic; MZ, monozygotic; n, number of
participants; OR, odds ratio.
* Adjusted for age, sex, sedentarism, depression/anxiety levels, sleep
quality, smoking, and body mass index.
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However, in the within-pair twin case-control analyses for MZ
only, there was also an increase in the risk of care-seeking
due to LBP in sedentary twins (OR=3.5, 95% CI: 0.72–
17.19, p=.12), although the estimate was not statistically
significant (Table 4).
Sedentary behavior and activity limiting LBP
In the total sample analysis for activity limiting LBP, the
variables that entered the multivariate model were seden-
tary behavior, age, and sex. Sedentary behavior did not increase
the risk of activity limiting LBP (OR=1.4, 95% CI: 0.96–
1.93, p=.07). However, in the within-pair twin case-control
analyses for MZ twins only, there was a large, but not sta-
tistically significant, increase in the risk of activity limitation
associated with LBP in sedentary twins (OR=5.0, 95% CI:
0.58–42.79, p=.14) (Table 4).
Discussion
Summary of findings
The aim of the present study was to determine the asso-
ciation between sedentary behavior and the prevalence of
persistent LBP, as well as the risk of developing persistent
LBP, care-seeking due to persistent LBP, and activity limit-
ing LBP, after adjusting for genetic and early environmental
influences. The findings of the cross-sectional analysis suggest
that sedentary behavior is associated with a higher lifetime
prevalence of persistent LBP in females, but not in males, in
the total sample analysis. This association remains similar for
females and increases in males (although not statistically sig-
nificant) when genetics and early shared environment are
controlled for. Our longitudinal analysis allowed us to addi-
tionally investigate the influence of sedentary behavior in the
risk of future LBP but did not show a reliable influence of
the former in any of the LBP outcomes, although, when ge-
netics and early shared environment were controlled for, an
association could be plausible. However, this interpretation
is based on the magnitude of the estimates and plausibility
of findings in addition to the investigation of p-values as pre-
vious research has recommended for interpretation of
observational data [33,34,35]. Therefore, because results did
Table 3
Baseline characteristics of participants free of low back pain at baseline according to the low back pain outcomes at follow-up
Variables
All participants Chronic LBP Care-seeking due to LBP Activity limitation due to LBP
Total Yes No Yes No Yes No
n
Mean (SD)
or % n
Mean (SD)
or % n
Mean (SD)
or % n
Mean (SD)
or % n
Mean (SD)
or % n
Mean (SD)
or % n
Mean (SD)
or %
Age (years) 1,098 53.7 (7.3) 245 53.0 (7.0) 853 53.9 (7.4) 205 53.1 (7.2) 890 53.8 (7.4) 171 52.6 (6.7) 924 53.9 (7.4)
Gender (male) 577 52.6 141 57.6 436 51.1 111 54.2 464 52.1 107 62.6 469 50.8
MZ male 177 16.1 42 17.1 135 15.8 32 15.6 145 16.3 31 18.0 146 15.8
MZ female 194 17.7 23 9.4 171 20.1 20 9.8 174 19.6 14 8.2 180 19.5
DZ male 207 18.9 64 26.1 143 16.8 50 24.4 155 17.4 47 27.5 159 17.2
DZ female 174 15.9 38 15.5 136 15.9 34 16.6 139 15.6 25 14.6 148 16.0
DZ opposite sex 346 31.5 78 31.8 268 31.4 69 33.7 277 31.1 54 31.6 291 31.5
Depression and
anxiety*
175 16.0 47 19.3 128 15.1 39 19.1 135 15.2 27 15.9 146 15.9
Sleep quality† 428 39.2 99 40.4 318 37.3 87 42.4 328 36.9 66 38.6 349 37.8
Smoking§ 428 39.2 92 37.6 336 39.6 77 37.6 350 39.6 67 39.2 361 39.3
Sedentarism‡ 891 56.0 194 58.7 697 55.2 97 59.5 401 55.3 78 55.32 419 56.02
BMI (kg/m2) 1,077 27.3 239 27.3 838 27.3 200 27.3 874 27.2 168 27.0 906 27.3
BMI, body mass index; DZ, dizygotic; LBP, low back pain; MZ, monozygotic; SD, standard deviation.
State and trait depression data were only available in women.
* Indicates presence of symptoms of depression and anxiety.
† Indicates poor sleep quality.
‡ Indicates current smokers.
§ Indicates presence of sedentary behavior.
Table 4
Longitudinal association between sedentary behavior and LBP outcomes
(chronic LBP, care-seeking due to LBP, activity limiting LBP) for the total
sample and case-control analyses
Multivariate models OR (95% CI) p-Value
Total sample analysis
Chronic LBP*,†,‡ (n=1,084) 1.3 (0.92–1.69) .150
Care-seeking due to LBP*,†,‡,§ (n=1,081) 1.3 (0.93–1.78) .123
Activity limiting LBP*,† (n=1,085) 1.4 (0.96–1.93) .077
DZ case-control analysis
Chronic LBP*,†,‡ (n=166) 1.2 (0.57–2.47) .636
Care-seeking due to LBP*,†,‡,§ (n=152) 1.2 (0.26–11.25) .560
Activity limiting LBP*,† (n=120) 1.2 (0.52–2.64) .683
MZ case-control analysis
Chronic LBP*,†,‡ (n=62) 4.0 (0.85–18.84) .080
Care-seeking due to LBP*,†,‡,§ (n=56) 3.5 (0.72–17.19) .117
Activity limiting LBP*,† (n=46) 5.0 (0.58–42.79) .142
CI, confidence interval; DZ, dizygotic; MZ, monozygotic; n, number of
participants; OR, odds ratio.
* Adjusted for age and sex.
† Adjusted for sedentarism.
‡ Adjusted for depression/anxiety levels.
§ Adjusted for sleep quality.
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not reach statistical significance and produced large confi-
dence intervals, we advocate caution when interpreting these
results. Nevertheless, the present study indicates that the effect
of sedentary behavior on LBP may not be comprehensively
investigated in studies that do not control for possible genetic
and early environmental influences on the sedentarism-LBP
relationship.
Comparison of findings with previous research
Our study investigated several LBP-related outcomes, in-
cluding not only the presence of persistent LBP, but also
activity limiting LBP and care-seeking associated with LBP.
It is also important to note that the relationship between LBP
and sedentarism might vary depending on the type and dosage
of physical activity. For instance, results from a systematic
review have shown that recreational physical activity can be
effective in preventing LBP; however, people who engage in
prolonged, heavy loading type of physical activities are at
higher risk of developing future LBP [36]. It is important to
note that we attempted to investigate whether people with a
sedentary lifestyle, rather than engaged in one particular type
of physical activity, are at higher risks of developing LBP,
through a combination of data on leisure and work-related
physical activity.
Previous systematic reviews that included cross-sectional
and longitudinal studies have not identified an association
between work-related sedentary behavior [37] as well as more
comprehensive definitions of sedentary behavior (including
prolonged sitting both at work and during leisure time) [15]
and LBP. The current study found a small and close to sig-
nificant increase in risk of persistent LBP in the total sample
analysis (OR=1.3, 95% CI 0.92–1.69), with similar magni-
tude of estimates to nontwin studies (eg, pooled OR=1.4, 95%
CI 0.73–2.78) [24]. However, in the MZ twins case-control
analysis, we observed an increase in risks of persistent LBP
(OR=4.0, 95% CI 0.85–18.84) compared with the total sample
analysis. We observed a similar pattern for the outcomes of
care-seeking due to LBP (OR=3.5, 95% CI 0.72–17.19) and
activity limiting LBP (OR=5.0, 95% CI 0.58–42.79). It should
be noted, though, that for the latest outcomes large confi-
dence intervals were observed (Table 4), which probably reflect
the reduction in sample sizes for the case-control analyses.
However, these results point to the possibility of a complex
relationship between sedentarism and LBP that should be
further investigated in a larger sample of twins discordant for
LBP outcomes.
The results of our total sample analyses also showed a
higher prevalence of persistent LBP in sedentary women com-
pared with nonsedentary ones, with no significant differences
observed in males. Previous studies found that females ex-
perience greater pain sensitivity levels [38,39] and are more
likely to self-report pain compared with males [40]. Al-
though these reasons could explain why sedentary women are
more prone to LBP compared with men, these explanations
need to be viewed with caution, given that our MZ twins anal-
ysis revealed similar estimates for the association between
sedentarism and LBP across both sexes. It is likely that the
initial differences in estimates between sexes observed in our
total sample analyses are, in fact, confounded by genetic and
early environmental factors. It should be noted, though, that
we were only able to investigate differences between sexes
in the cross-sectional analysis, which limits our inferences
on possible direct causal paths between sedentary behavior
and LBP across sexes.
Strengths and limitations
The present study has several strengths such as the use of
a longitudinal design, comprehensive assessment of LBP, and
a twin analytical approach, although some limitations should
be noted. Firstly, the outcome measure of lifetime preva-
lence of persistent LBP is relatively simplistic, and measures
of the impact of LBP on function and disability levels were
not available for our cross-sectional analyses. Secondly, the
LBP measures used to classify participants as free of LBP
at baseline assessed persistent LBP, and therefore it is likely
that participants with a recent episode of LBP (<6 months)
could be included in the analysis. Furthermore, we cannot
rule out the possibility of recall bias because participants were
asked to report their experience of having persistent LBP (>6
months) through their lifespan. This might have influenced
the results, because a previous history of LBP is a risk factor
for developing a new episode in the future [41]. Additional-
ly, data on sedentary behavior were self-reported based on
the physical activity questionnaire, and it is known that par-
ticipants are likely to overestimate [42,43] or underestimate
their engagement in physical activity when completing self-
reported measures. Furthermore, although the self-reported
physical activity questionnaire used in the present study has
been previously reported in several publications [5,6,26,28,29],
it has not been validated before. The self-reported nature of
physical activity and LBP report further limit the findings of
the present study. Lastly, it was not possible to conduct all
analytical phases stratified by sex in the longitudinal analy-
sis because of the reduced sample size.
Implications of study findings
Although the literature presents widespread evidence on
management strategies following an episode of LBP [44], it
offers limited evidence on prevention strategies. This can be
observed in clinical guidelines such as the physiotherapy Dutch
clinical guidelines [44] and the American Pain Society clin-
ical guidelines [45]. The paucity of evidence for LBP
prevention strategies may be attributed to the current lack of
strong and consistent risk factors for LBP [46]. A recent study
conducted by our group has shown that people seeking care
for LBP and who are more physically active have less pain
and disability at 12-month follow-up [47]. Another recent sys-
tematic review showed that exercise alone or in combination
with education is effective for preventing LBP [48]. Along
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with these previous studies, the results of our current study
may be seen as a platform for future research investigating
whether engagement in physical activity has a protective effect
on LBP particularly when genetic and early-shared environ-
mental influences are controlled for.
Summary and conclusions
Although females engaged in a sedentary lifestyle appear
to be more likely to report LBP than those physically active,
this association is not apparent when genetics and early en-
vironmental factors are accounted for, suggesting that genetics
and environmental factors possibly influence this relation-
ship. A sedentary lifestyle does not clearly increase the risk
of developing persistent LBP, care-seeking due to LBP, and
activity limiting LBP, although future studies with larger
samples of twins discordant for comprehensive outcomes of
LBP should be conducted to replicate these findings. We ac-
knowledge that the small sample included in the co-twin
analyses has yielded wide confidence intervals, caution should
be exercised when interpreting, and a association may not be
ruled out.
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AbstrACt
Objectives To investigate the influence of parental chronic 
spinal pain on prognosis of chronic spinal pain in adult 
offspring, and whether offspring physical activity level and 
body mass index (BMI) modified this association.
Design Prospective cohort study.
setting We used family-linked longitudinal data from the 
Norwegian HUNT study collected in HUNT2 (1995–1997) and 
HUNT3 (2006–2008).
Participants A total of 1529 offspring who reported spinal 
pain in HUNT2 were linked with parental data and followed 
up in HUNT3.
Outcomes We estimated relative risk (RR) with 95% CI for 
recovery from chronic spinal pain, and also from activity 
limiting spinal pain, in offspring related to chronic spinal 
pain in parents. We also investigated whether offspring 
leisure time physical activity and BMI modified these 
intergenerational associations in spinal pain.
results A total of 540 (35%) offspring were defined 
as recovered after approximately 11 years of follow-up. 
Offspring with both parents reporting chronic spinal pain 
were less likely to recover from chronic spinal pain (RR 
0.83, 95% CI 0.69 to 0.99) and activity limiting spinal pain 
(RR 0.71, 95% CI 0.54 to 0.94), compared with offspring 
of parents without chronic spinal pain. Analyses stratified 
by BMI and physical activity showed no strong evidence 
of effect modification on these associations. However, 
offspring who were overweight/obese and with both parents 
reporting chronic spinal pain had particularly low probability 
of recovery from activity limiting spinal pain, compared with 
those who were normal weight and had parents without 
chronic spinal pain (RR 0.57, 95% CI 0.39 to 0.84).
Conclusion Offspring with chronic spinal pain are less likely 
to recover if they have parents with chronic spinal pain, 
particularly if offspring are overweight/obese.
IntrODuCtIOn 
Spinal pain that includes low back and neck 
pain is highly prevalent and a common cause 
of disability worldwide.1 The natural history 
of spinal pain is extremely variable and may 
last a few days or persist for many years.2 A 
substantial proportion of patients recover 
within the first 3 months of a spinal pain 
episode, but around three-quarters of the 
remaining patients are likely to experience 
pain 1 year after onset.3 4 People who fail to 
recover in the first few months following an 
acute episode are at greater risk of poor prog-
nosis.5 Spinal pain, especially in its chronic 
and disabling form, could be a significant 
personal and financial burden,6 and may also 
influence families and society.1 It is therefore 
vital to identify factors that influence prog-
nosis of spinal pain, which in turn can inform 
preventive interventions to reduce chronicity.
Family studies have suggested that chronic 
pain aggregate in families,7 8 with the 
parent–offspring transmission of chronic 
pain explained by genetic heritability9 10 and 
shared environment factors.11–14 The mean 
heritability of chronic low back pain is 
strengths and limitations of this study
 ► The HUNT study is a large population-based health
study with longitudinal data that allows prospective
analysis on the prognosis of chronic spinal pain.
 ► Chronic spinal pain was independently reported
in parents and offspring; family relations were in-
formed by a linkage with a national registry and the
data allowed us to control for a wide range of poten-
tial confounders.
 ► Information on pain status, physical activity and
body mass index was not updated throughout the
follow-up period.
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67%,10 15 suggesting that a substantial proportion of the 
risk of developing chronic spinal pain is driven by genetics. 
However, families also share similar lifestyles and express 
similar health behaviours and beliefs. This suggests 
that shared environmental factors8 16 could also have an 
important influence on the prognosis of spinal pain.17 18
Parental pain is strongly associated with the increased 
risk of chronic musculoskeletal pain in offspring, both 
during adolescence7 and in later adulthood.19 Further-
more, there is preliminary evidence that treatment 
response in patients with chronic low back pain is influ-
enced by genetic factors.20 It is, therefore, possible that 
parental history of spinal pain influences the prognosis of 
spinal pain in offspring. Conversely, several studies have 
shown that engagement in moderate to vigorous-intensity 
leisure time physical activity and maintenance of a normal 
body mass index (BMI) are associated with better prog-
nosis of spinal pain.21–25 Thus, a healthy offspring lifestyle 
could modify a possible adverse effect of parental spinal 
pain on prognosis of offspring spinal pain. Currently, 
there is limited knowledge about the influence of parental 
spinal pain on prognosis of spinal pain in offspring and 
whether this association is modified by offspring lifestyle.
In this study, we have used population-based longitu-
dinal data from the Norwegian HUNT study to investigate 
the influence of parental spinal pain on the prognosis of 
chronic spinal pain regarding severity and activity limita-
tion in the adult offspring. We have also investigated 
whether offspring leisure time physical activity and BMI 
modify any of these associations.
MethODs
study population
The HUNT study is a population-based health study 
conducted within the county of Nord-Trøndelag, Norway. 
The study was performed in three consecutive waves, first 
in 1984–1986 (HUNT1), then in 1995–1997 (HUNT2) 
and last in 2006–2008 (HUNT3). In all three surveys, 
all residents 20 years of age and older were invited to 
participate, and information on lifestyle and health-re-
lated factors were collected by questionnaires and a 
clinical examination. Information on musculoskeletal 
pain was not collected at HUNT1. Therefore, those who 
were eligible for inclusion in this study had participated 
at HUNT2 and HUNT3. At HUNT2, 93 898 individuals 
were invited to participate and 65 237 (65.5%) joined the 
study, while at HUNT3 93 860 were invited and 50 807 
(54.1%) agreed to participate.26 27 Further information 
about selection procedures, participation and question-
naires used in the HUNT study can be found at http://
www. ntnu. edu/ hunt.
Patient involvement
Since historical cohort data were used in this study, 
patients were not involved in the conduct and design of 
the study.
record linkage
The unique 11-digit personal identification number held 
by all Norwegian citizens was used to link each partici-
pant’s record to information from the Family Registry at 
Statistics Norway, and there by establish a link between 
parents and offspring who participated in one or both of 
HUNT2 and HUNT3. The Family Registry provides data 
on persons registered as legal parents, either as biological 
parents or through adoption. A total of 11 483 offspring 
reported spinal pain at HUNT2, and of these, 6662 could 
be followed up on spinal pain status in HUNT3, approx-
imately 11 years later. To be able to study the association 
between parental spinal pain and offspring prognosis of 
spinal pain, we selected all 1529 parent–offspring trios 
(ie, mother, father and adult offspring) where both the 
mother and the father had information on spinal pain 
from HUNT2.
Chronic spinal pain
At HUNT2 and HUNT3, participants were asked to 
complete the Standardised Nordic Questionnaire which 
has acceptable reliability and validity.28 The question 
regarding musculoskeletal pain was as follows: ‘In the 
last year, have you had pain and/or stiffness in muscles 
or joints that have lasted at least 3 consecutive months?’ 
(response options: ‘no’ and ‘yes’). Participants who 
answered ‘yes’ were asked to indicate the affected body 
area(s). Offspring who reported chronic neck and/or 
low back pain (spinal pain) at HUNT2 were included in 
this study, and offspring who also reported spinal pain 
at HUNT3 were considered not recovered (outcome 
measure). Offspring reporting spinal pain at HUNT2 
were also asked to indicate if the pain had led to reduced 
leisure time activity (response options: ‘no’ and ‘yes’) or 
reduced their work ability (response options: ‘no’, ‘to 
some extent’, ‘considerably’ or ‘do not know’). Offspring 
who answered ‘yes’ to the question on reduced leisure 
time activity and/or reported work ability to be reduced 
‘to some extent’ or ‘considerably’, were classified as 
having ‘activity limiting spinal pain’. In secondary anal-
yses, we used this information to investigate the prog-
nosis of activity limiting spinal pain, that is, recovery was 
defined as not reporting activity limiting spinal pain at 
HUNT3. Based on the same question as described above, 
we obtained information on parental chronic spinal pain. 
Further, we created a variable with four mutually exclu-
sive categories for presence of parental chronic spinal 
pain at baseline (exposure measure): ‘none’, ‘mother’, 
‘father’ or ‘both parents’.
Leisure time physical activity
Leisure time physical activity was assessed by the following 
question ‘How much of your leisure time have you been 
physically active during the last year? (Think of a weekly 
average for the year. Your commute to work counts as 
leisure time)’. Participants reported the number of hours 
of either light (no sweating or heavy breathing) or hard 
(sweating and heavy breathing) activity using the response 
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options ‘none’, ‘less than 1 hour’, ‘1–2 hours’ and ‘3 or 
more hours’ for each type of activity. Based on this infor-
mation, we constructed a variable with four categories 
(combining information on light and hard activity): (1) 
‘inactive’ (no light or hard activity), (2) ‘low activity’ 
(<3 hours light and no hard activity), (3) ‘moderate 
activity’ (≥3 hours light and/or <1 hour hard activity) and 
(4) ‘high activity’ (any light and ≥1 hour hard activity).
In the combined analyses of parental chronic spinal pain
and offspring leisure time physical activity, the catego-
ries ‘inactive’ and ‘low activity’ were collapsed into one
category labelled ‘physically inactive’ and the categories
‘moderate activity’ and ‘high activity’ were collapsed into
one category labelled ‘physically active’. This categorisa-
tion has been used previously in other studies based in
data from HUNT.29 30 We did not conduct analyses strat-
ified by physical activity status on the outcome ‘activity
limiting spinal pain’, since people with activity limiting
spinal pain are likely to have limited engagement in
leisure and work activities.
body mass index
Standardised measurements of body height (to the 
nearest centimetre) and body weight (to the nearest half 
kilogram) were obtained at clinical examination. BMI 
was calculated as weight divided by the square of height 
(kg/m2), and classified into four BMI groups according 
to the cut-off points suggested by WHO31: underweight 
(BMI <18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/
m2), overweight (BMI 25.0–29.9 kg/m2) and obese 
(BMI ≥30.0 kg/m2). Only 27 participants (1%) were clas-
sified as ‘underweight’, and the combined analysis of 
parental chronic spinal pain and offspring BMI, the cate-
gories ‘underweight’ and ‘normal weight’ were collapsed 
into one category labelled ‘normal weight’. The catego-
ries ‘overweight’ and ‘obese’ were collapsed into one 
category labelled ‘overweight/obese’.
statistical analysis
We used a Poisson regression model32–35 to estimate 
relative risk (RR) of chronic spinal pain and activity 
limiting spinal pain in offspring whose parents reported 
chronic spinal pain, using parents with no chronic 
spinal pain as the reference category. Precision of esti-
mates was assessed by a 95% CI. All SEs were adjusted 
for within-family clustering (ie, siblings) using the vce 
(cluster) option in Stata, treating observations between 
families as independent and within families as depen-
dent, and thus avoiding inflated precision of the esti-
mated associations.36
Possible effect modification by offspring leisure time 
physical activity or offspring BMI was assessed by strati-
fied analyses (ie, physically active vs physically inactive 
and normal weight vs overweight/obese) as well as by 
tests of the estimated relative excess risk due to inter-
action (RERI) (ie, departure from additive effects). 
We calculated RERI estimates with 95% CIs from the 
following equation: RERI=RRparental pain & physically active/overweight 
and/or obese – RRno parental pain & physically activity/overweight and/or obese
– RRparental pain & physically inactivity/normal weight + 1,
37 that is, RERI >
0 indicate a synergistic effect beyond an additive effect.
Statistical interaction was also evaluated on a multipli-
cative scale by a likelihood ratio test of a product term
in the model (these likelihood ratio tests had to be run
without cluster-adjusted SEs to avoid misspecification of
the model).
The main analyses (parental influence on risk of poor 
prognosis) were adjusted for possible confounding by 
offspring sex (male, female), age (continuous), BMI 
(‘underweight’, ‘normal weight’, ‘overweight’, ‘obese’ 
or ‘unknown’), leisure time physical activity (‘physically 
inactive’, ‘physically active’ or ‘unknown’), education 
(‘<10 years’, ‘10–12 years’, ‘>13 years’ or ‘unknown’) 
and depression (‘depressed’, ‘not depressed’ or 
‘unknown’). Depression was assessed using the depres-
sion subscale of the Hospital Anxiety and Depression 
Scale (HADS) using a score of 8 as a cut-off for a dichot-
omised variable.38–40
All statistical tests were two sided, and all analyses were 
conducted using Stata statistical software (V.13.0, STATA 
Corp).
resuLts
In this prospective study of 1529 offspring with chronic 
spinal pain at baseline, a total of 540 (35%) offspring 
were defined as recovered after approximately 11 years of 
follow-up. Additionally, among 775 offspring with activity 
limiting spinal pain, 244 were defined as recovered at 
follow-up. Descriptive statistics of offspring, mothers and 
fathers are shown in table 1. The mean age at baseline 
was 32.8 (8.6) years among offspring. Most offspring were 
physically active (63.9%), and nearly half of the offspring 
(42.3%) were classified as overweight or obese. About 
one-third (33.1%) of the offspring were current smokers, 
and just a small portion of offspring (20.7%) reported 
having a higher education degree. A small propor-
tion (10.4%) of offspring had symptoms of depression 
according to the HADS.
Chronic spinal pain and activity limiting spinal pain
Offspring with both parents reporting chronic spinal pain 
were less likely to recover from chronic spinal pain (RR 
0.83, 95% CI 0.69 to 0.99) and activity limiting spinal pain 
(RR 0.71, 95% CI 0.54 to 0.94) compared with offspring 
with no parents with chronic spinal pain (table 2). These 
associations were weaker and less precise when chronic 
spinal pain was present in only one parent, with similar 
associations observed for maternal and paternal spinal 
pain.
Physical activity
In the stratified analysis for physical activity, there was no 
strong evidence of effect modification. Physically active 
offspring had a RR of 0.78 (95% CI 0.62 to 0.98) and phys-
ically inactive offspring a RR of 0.98 (95% CI0.71 to 1.36) 
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(table 3). Tests of statistical interaction indicate no depar-
ture from neither multiplicative (p=0.11) nor additive 
effects (RERI 0.19; 95% CI −0.17 to 0.55), data not shown.
body mass index
In the stratified analysis for BMI, there was no strong 
evidence of effect modification. However, offspring who 
were overweight or obese and with both parents reporting 
chronic spinal pain had the lowest probability of recovery 
from activity limiting spinal pain or chronic spinal pain 
(RR 0.57; 95% CI 0.39 to 0.84 and RR 0.79; 95% CI 
0.61 to 1.03, respectively), compared with those who were 
normal weight and had parents without chronic spinal 
pain (table 4). In addition, there was no clear evidence of 
statistical interaction neither on the additive (estimates of 
RERI for chronic spinal pain and activity limiting spinal 
pain were −0.04; 95% CI −0.38 to 0.30 and −0.34; 95% CI 
−0.91 to 0.23, respectively) nor on the multiplicative scale
(p=0.54 and p=0.20, respectively).
DIsCussIOn
summary of findings
The findings of this large population-based prospective 
family-linkage study indicate that offspring with both 
parents reporting chronic spinal pain are less likely to 
recover from chronic spinal pain and activity limiting 
spinal pain compared with offspring with no parent 
with spinal pain. Overall, there was no strong evidence 
that physical activity or BMI modified these associations, 
although the results suggest that the inverse association 
between parental spinal pain and recovery from activity 
limiting spinal pain was strongest among offspring with 
a high BMI. This study supports the evidence from twin 
studies that genetics potentially influences recovery from 
chronic spinal pain,41 but these intergenerational asso-
ciations incorporate shared environmental factors and 
shared beliefs that could influence recovery. For instance, 
there is evidence showing that negative beliefs about 
pain and negative expectations about recovery predict 
chronic and disabling spinal pain.42–44 It seems clear that 
it is important to consider the family history of chronic 
spinal pain as well as lifestyle behaviours when identifying 
people at higher risk of non-recovery.
Comparison of findings with previous research
A recent systematic review showed that offspring of parents 
with chronic pain have poorer outcomes regarding pain, 
general health, psychological and family functioning as 
compared with offspring of parents without pain.45 The 
intergenerational transmission of spinal pain could be 
explained by genetic heritability9 10 or a family shared 
environment.11–14 Moreover, it has been suggested that 
Table 1 Baseline characteristics of the study population at HUNT2
Variables Offspring Mothers Fathers
Participants, no 1529 1529 1529
Age, mean (SD) 32.8 (8.6) 63.8 (9.4) 67.2 (9.5)
Body mass index, mean (SD) 25.9 (5.2) 28.3 (7.3) 27.6 (6.9)
Overweight/obese, % (n) 42.3 (799) 70.6 (1080) 72.2 (1104)
Physically active*, % (n) 63.9 (977) 43.0 (510) 57.7 (716)
Current smoker, % (n)* 33.1 (506) 26.3 (400) 28.5 (434)
Higher education†, % (n) 20.7 (316) 4.5 (61) 6.0 (84)
Symptoms of depression‡, %, (n) 10.4 (155) 17.0 (225) 16.5 (215)
*Engagement in moderate (≥3 hours light and/or <1 hour hard activity per week) or high leisure time physical activity (any light and ≥1 hour
hard activity per week).
†College/University education.
‡Score ≥8 on the Hospital Anxiety and Depression Scale.
Table 2 Relative risk (RR) of recovery from spinal pain and activity limiting spinal pain in adult offspring associated with 
parental spinal pain
Parental 
spinal pain
Offspring spinal pain Offspring activity limiting spinal pain
No of 
persons
No of 
cases
Crude
RR
Adjusted RR*
(95% CI)
No of 
persons
No of 
cases
Crude
RR
Adjusted RR*
(95% CI)
None 346 138 1.00 1.00 (ref.) 163 66 1.00 1.00 (ref.)
Mother 424 147 0.88 0.90 (0.75 to 1.07) 214 62 0.73 0.74 (0.56 to 0.98)
Father 272 97 0.90 0.91 (0.74 to 1.12) 127 40 0.77 0.78 (0.57 to 1.05)
Both 487 158 0.82 0.83 (0.69 to 0.99) 271 76 0.69 0.71 (0.54 to 0.94)
*Adjusted for age, sex, BMI, smoking, leisure time physical activity, education and HADS score.
BMI, body mass index; HADS, Hospital Anxiety and Depression Scale.
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the genetic influence is greater in more disabling pain 
conditions, such as chronic widespread pain and chronic 
activity limiting spinal pain, rather than in acute or 
subacute non-debilitating pain.9 10 It is widely accepted 
that lifestyle factors, such as physical activity and body 
weight, also play a significant role in the prognosis of 
chronic musculoskeletal pain.46
Some studies have suggested that people with chronic 
back pain who regularly engage in leisure time physical 
activity have better prognosis measured in terms of pain, 
disability and quality of life than those who are seden-
tary.29 47 However, there remains conflicting evidence 
regarding how physical activity influences the prognosis 
of spinal pain,48 with studies demonstrating that both low 
and high levels of physical activity can negatively influ-
ence the prognosis of spinal pain.49 50 For instance, a study 
found that high leisure time physical activity was related 
to decreased prevalence of low back pain.51 Whereas 
another study found that either high or low levels of 
leisure time physical activity was related to increased 
prevalence of low back pain.49 In contrast, a prospective 
study did not find any significant association between 
moderate/high levels of leisure physical activity and low 
back pain in young adults.52 Another follow-up study 
found that regular habits of leisure physical activity have 
no effect on recovery from low back pain.53 The inconsis-
tency in the literature is possibly attributed to the diverse 
definitions and classifications of levels of physical activity. 
If such divergent associations with leisure time physical 
activity exist, this could mask a possible modifying effect 
of physical activity in our analyses.
The literature has provided evidence that obesity is asso-
ciated with poor outcomes in people with chronic wide-
spread pain,54 55 as well as chronic spinal pain29 56 57 and 
also decreases the probability of recovery from chronic 
spinal pain regardless of the care they receive.25 However, 
whether BMI could modify30 the relationship between 
parental spinal pain on offspring recovery from chronic 
spinal pain has not been investigated before. Our 
results suggest that offspring BMI may modify on the 
parent–offspring association of spinal pain, with some-
what stronger associations among offspring who were 
classified as overweight or obese than those who were 
underweight or normal weight. Research has shown that 
interindividual differences in pain sensitivity and endog-
enous pain-inhibitory capacity could reflect variations in 
the inherent susceptibility for chronic pain,58 59 but that 
a triggering exposure is required for the development 
Table 3 Relative risk (RR) of recovery from spinal pain in adult offspring associated with parental spinal pain; analysis 
stratified by leisure time physical activity
Parental spinal pain
Physically active Physically inactive
No of 
persons No of cases
Adjusted
RR* (95% CI)
No of 
persons No of cases
Adjusted
RR* (95% CI)
None 229 97 1.00 (ref.) 111 40 1.00 (ref.)
Mother or father 434 163 0.94 (0.77 to 1.14) 246 74 0.82 (0.60 to 1.11)
Both parents 314 100 0.78 (0.62 to 0.98) 166 58 0.98 (0.71 to 1.35)
*Adjusted for age, sex, BMI, smoking, education and HADS score.
BMI, body mass index; HADS, Hospital Anxiety and Depression Scale. 
Table 4 Relative risk (RR) of recovery from spinal pain and activity limiting spinal pain in adult offspring associated with 
parental spinal pain; analysis stratified by BMI
Variables
Normal weight Overweight/obese
No of 
persons No of cases
Adjusted RR*
(95% CI)
No of 
persons No of cases
Adjusted RR*
(95% CI)
Offspring spinal pain
 Parental spinal pain
 None 168 68 1.00 (ref.) 177 69 1.00 (ref.)
 Mother or father 316 111 0.88 (0.70 to 1.12) 380 133 0.89 (0.70 to 1.12)
 Both parents 242 82 0.86 (0.66 to 1.11) 242 76 0.79 (0.61 to 1.03)
Offspring activity limiting spinal pain
 Parental spinal pain
 None 86 34 1.00 (ref.) 130 50 1.00 (ref.)
 Mother or father 151 42 0.72 (0.49 to 1.04) 301 98 0.72 (0.51 to 0.99)
 Both parents 129 41 0.84 (0.57 to 1.24) 188 52 0.57 (0.39 to 0.84)
*Adjusted for age, sex, leisure physical activity, smoking, education and depression.
BMI, body mass index.
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of chronic pain.60 61 This could suggest that a possible 
genetic susceptibility for poor recovery from chronic 
pain62 63 as a higher penetrance between offspring who 
are overweight or obese.
strengths and limitations
This study has several strengths including the prospective 
design using a large population-based sample with a long 
follow-up period. In addition, the registry-based informa-
tion on family relations allowed us to include informa-
tion on chronic spinal pain obtained from parents and 
offspring independently and at different time points. 
An important aspect is that the offspring were adults at 
the time of data collection, indicating that the parent-
to-offspring association of chronic spinal pain persists 
into adulthood when the offspring most likely live apart 
from their parents. Furthermore, we were able to adjust 
for several offspring characteristics that could confound 
the parent–offspring associations of chronic spinal pain, 
such as age,64 BMI,57 leisure physical activity,65 smoking,64 
depression64 and education.10 66 However, we cannot 
exclude the possible residual confounding attributable to 
unknown or unmeasured factors.
There are some limitations that should be taken into 
account. First, information on chronic spinal pain was 
only reported at baseline and at follow-up 10–11 years 
later, with no information on possible changes in the 
status of chronic spinal pain during the follow-up period. 
Consequently, a person could have recovered from spinal 
pain at some time point between the surveys, but still 
report pain at follow-up. However, if parental pain reflects 
an underlying heritable frailty, this may have an impact 
also on long-term recurrence and recovery from pain. 
Likewise, information on leisure time physical activity 
and BMI was only assessed at baseline, with no informa-
tion on possible changes during the follow-up period. 
Second, although the questions about leisure time phys-
ical activity used in this study have been reported to have 
good reliability and provide useful measures of leisure 
physical activity,67 subjective interpretations of the activity 
questions could have influenced the results. Besides, it is 
well known that self-reports may lead to under- or over-
estimation of the variables of interest.68 Third, a premise 
for inclusion into this study was that the mother, father 
and offspring all had to participate in the health survey. 
To some extent, this may have resulted in a selected and 
more health conscious sample than the general popula-
tion. Nevertheless, it is questionable whether representa-
tiveness is a prerequisite for making valid risk assessments 
in epidemiological studies.57 Fourth, although the Norwe-
gian Family Registry was used to identify family relations 
between parents and offspring, misclassification of biolog-
ical family relations in the registry due to adoptions and 
non-paternity is possible. Although the influence on our 
results is likely to be small, such misclassification could 
give attenuated parent–offspring associations. Moreover, 
we had no information on whether the offspring shared 
environment with none, one or both of their biological 
parents during childhood. Finally, residual confounding 
due to unmeasured or unknown factors cannot be ruled 
out.
COnCLusIOn
Offspring with chronic spinal pain are less likely to 
recover if they have parents with chronic spinal pain 
compared with offspring without parental chronic spinal 
pain. This association is stronger when the offspring 
present pain that interferes with their usual work and 
leisure activities (activity limiting spinal pain). The 
inverse association between parental chronic spinal pain 
on recovery was somewhat stronger among offspring 
who were overweight or obese. The association between 
parental chronic spinal pain and the prognosis of chronic 
spinal pain in the adult offspring underlines the impor-
tance of identifying those at high risk of non-recovery 
since they account for significant social and individual 
financial burden. Therefore, clinicians should consider 
family history of spinal pain when implementing strate-
gies to improve recovery from chronic spinal pain. For 
instance, the assessment of the potential risks of physical 
activity and education about the range of benefits, as well 
as highlights the importance of maintenance of a normal 
body weight.
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Abstract
Background: It is well recognised that low back pain is a significant public health problem and engagement in
moderate levels of physical activity is associated with positive outcomes.
Conservative active care, such as exercise, is effective in reducing pain and disability associated with chronic low
back pain. However, a rapid decline in clinical outcomes is commonly seen after discharge from treatment.
Methods/Design: We will conduct a randomised controlled trial to investigate the effectiveness of a mobile health
supported physical activity intervention (compared to standard care) in care-seeking, pain and disability in people
with chronic low back pain after discharge from treatment. We will recruit 68 patients with chronic low back pain
following discharge from an outpatient hospital program, who will be randomly allocated to the physical activity
intervention (n = 34) or the standard care group (n = 34) and monitored for 6 months. The physical activity
intervention will involve a physical activity advice booklet, a face-to-face health coaching session and 12 fortnightly
follow-up telephone-based health coaching sessions. This intervention will be supported by provision of a specifically
designed web app and a physical activity monitoring device (FitBit). The standard care group will receive the physical
activity advice booklet only.
Discussion: This pilot trial will investigate a new model to prevent clinical decline in people following conservative
treatment for chronic low back pain. If proven to be effective, this approach will constitute a major advance in the
management of low back pain. Chronic patients who experience recurrent pain and disability after treatment are
prone to seek additional care in the form of physiotherapy, medication, emergency department attendance, specialist
consultation or spinal surgery. This model aims to maintain functional levels and reduce care-seeking empowering
patients to self-manage their low back pain by offering them a contemporary patient-centred physical activity program
with the support of mobile health technology. The outcomes of this trial will have immediate implications for clinical
practice.
Trial registration: ACTRN12615000189527 (26-02-2015).
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Background
It is well recognised that low back pain (LBP) is a signifi-
cant public health problem [1]. Relapses in pain (60 %) 
and work absences (33 %) are common, making LBP one 
of the most costly conditions in industrialised societies 
[2]. The total cost associated with the management of 
chronic LBP in Australia is estimated at AU$9.17 billion, 
with the cost of indirect care and productivity losses 
contributing AU$8.15 billion of this total figure [2]. 
Cost is expected to grow with the increasing obesity cri-
sis and ageing population worldwide [3].
The clinical course of LBP is intricate. Over a 1-year
after discharge from treatment, most patients will still
have pain for a sustained period, and a small proportion
will still have persistent severe pain [4, 5]. Although ran-
domised controlled trials (RCT) investigating the efficacy
of conservative interventions for chronic LBP have
found improvements in pain and disability, patients usu-
ally exhibit a rapid decline in clinical outcomes, 3 months
after treatment discharge [6, 7]. These patients are likely
to have a new episode of LBP or continual pain and
therefore seek additional health care [8].
Previous research has shown that patients with chronic
LBP who engage in moderate to high levels of physical ac-
tivity have better prognosis in terms of pain, disability, and
quality of life than those who fail to maintain adequate
levels of physical activity [9, 10]. However, ongoing adher-
ence to such lifestyle behavior is difficult to achieve. Use
of communication technologies to increase physical activ-
ity has become increasingly popular in recent years, likely
because they facilitate access and adherence to health in-
terventions [11]. The use of physical activity monitors is
particularly effective in increasing engagement in physical
activity [12]. New generations of activity monitors are af-
fordable and provide feedback on daily steps taken and
distance travelled using internet, tablet or Smartphone in-
terfaces and social media. A recent systematic review pro-
vided strong evidence for the effectiveness of activity
monitors such as pedometers to increase physical activity
levels for patients with musculoskeletal disorders [13].
Additionally, physical activity monitors have been shown
to not only improve physical activity levels, but also to in-
crease function and reduce pain in patients with chronic
LBP [14].
Another intervention that may be effective in improv-
ing adherence to exercise is health coaching. There is
evidence that telephone-based health coaching interven-
tions lead to positive changes in health behaviours.
These include increased physical activity participation
[14], improved nutrition [15], smoking cessation [16],
and better management of chronic musculoskeletal condi-
tions such as osteoarthritis [17]. Coaching interventions
have a strong, evidence-based foundation in behaviour-
change theories such as Social Influence Theory, Social
Cognitive Theory, and the Transtheoretical Model [18]
and can be effectively delivered by telephone [19]. There
is evidence that health coaching via telephone has the po-
tential to increase activity levels in patients with LBP when
compared to usual physiotherapy care alone [20].
However, to the best of our knowledge, there are no 
studies of a post-treatment physical activity intervention 
consisting of mobile health and health coaching on 
long-term outcomes in patients with chronic LBP. 
Therefore, the primary aim of this RCT is to investigate 
the effect of a patient-centred physical activity 
intervention supported by health coaching and mHealth 
technology, including a mobile web app, tailored 
physical activity plan, goal setting, and feedback from 
affordable physical activity monitoring device (FitBit) 
in care-seeking, pain and disability in people with 
chronic LBP. Secondary outcomes will be physical 
activity participation and goal attainment. We 
hypothesise that the use of a patient-centred physical 
activity intervention will prevent clinical decline in 
patients who have received the benefits of 
conservative treatment for chronic LBP, empowering 
them to self-manage their LBP as well as to prevent 
worsening of LBP and reduce care-seeking.
Methods
Study design
We will conduct a single-blinded pilot RCT to evaluate a
patient-centered physical activity intervention involving
health coaching, compared to standard care (Fig. 1). This
trial has been designed according to the CONsolidated
Standards Of Reporting Trials (CONSORT) statement
[21] and is reported according to the Standard Proto-
col Items: Recommendations for Interventional Trials
(SPIRIT) statement [22].
Participants
We will recruit 68 patients with chronic LBP from an
outpatient physiotherapy department in a public hospital
in Sydney, Australia. Consenting participants will be ran-
domly allocated to either the physical activity intervention
group (n = 34) and receive a patient-centred physical ac-
tivity promotion program involving health coaching,
mHealth tools and advice booklet, or to a standard care
group (n = 34) who will receive an advice booklet only.
Inclusion criteria
Adults over 18 years of age with chronic LBP persisting
for over 12 weeks but without radicular symptoms; who
have been discharged from a hospital-based, LBP physio-
therapy program but still have consistent pain (at least 3
in the Numerical Rating Scale); with regular (weekly)
use of a computer or internet-connected mobile/tablet
device; and fluency in English (verbal and written).
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Exclusion criteria
Any spinal surgery in the past 12 months; evidence of
nerve root, spinal cord or caudal equine compression;
severe spinal stenosis indicated by signs of neurogenic
claudication (grade 3 to 4); fibromyalgia, or systemic/in-
flammatory disorder; comorbid health conditions that
would prevent active participation in increasing physical
activity levels: cardio-respiratory illnesses; LBP caused by
involvement in a road traffic accident in the last 12 months
or ongoing litigation; current or planned pregnancy.
Recruitment method
Treating physiotherapists will screen (all) potential par-
ticipants from the outpatient Physiotherapy Department
of the Liverpool Hospital, South Western Sydney Local
Health District, Australia, and inform them about the
study. Potential participants interested in participating in
the study will receive the Participant Information State-
ment and be referred to the research team. Patients with
chronic LBP who have received any conservative physio-
therapy treatment (e.g. exercises, spinal manipulative
therapy) and meet the inclusion criteria will be invited
to participate in the trial after treatment discharge. At
treatment discharge, a research assistant will discuss the
study and offer participation to those who meet the in-
clusion criteria. If they agree to participate a signed con-
sent form will be recorded and baseline data will be
collected.
Group allocation
Random allocation to physical activity or standard
care groups will occur after confirmation of eligibility
Fig. 1 Flow diagram of the study
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and baseline assessment. Allocation will be blinded
and performed using a computer-generated random
allocation schedule operated by a remote researcher.
The allocation of participants will be concealed
by using sequentially numbered, sealed and opaque
envelopes.
Procedures
Patients attending outpatient physiotherapy will be
screened by their treating physiotherapists, who will de-
termine eligibility, inform about the trial objectives and
invite participation. The ones that manifest interest will
be given the Participant Information Statement by their
treating physiotherapist and decide if they want to par-
ticipate in the study. A senior physiotherapist from
Liverpool Hospital will be responsible for booking po-
tential participants on their second to last appointment
to meet the investigator after discharge. At discharge,
patients that agree to participate will be asked to sign
the consent form. The assessor will collect demographic
and anthropometric data (age, height, weight, waist cir-
cumference) as well as baseline data related to the study
outcomes. A device able to accurately estimate how
physically active a person is throughout the day (Acti-
graph) by measuring 3-dimensional body accelerations
will be given to all participants at baseline with clear in-
structions for use and telephone support available. The
Actigraph will collect accelerometer-based data over a 1-
week period to account for day-to-day variation in phys-
ical activity levels [23]. Participants will be provided with
pre-paid envelopes to return the devices to the research
centres. The Actigraph has been successfully used to
measure physical activity in large-scale population-based
studies internationally [23, 24]. The analyses will be ad-
justed for accelerometer wear time defined by ‘off time’.
Any period of greater than 60 min with no activity at all
will be considered to be ‘off time’ and excluded from the
analyses. Data will be extracted by a research assistant
who will remain blinded to group assignment through-
out the trial.
Interventions
The physical activity intervention group will receive a
booklet developed by Australia’s Department of Health
called ‘Make your move – Sit less, be active for life!’ The
booklet includes information about physical activity and
sedentary behaviour. Participants will also be advised to
continue their usual activities. The physical activity
intervention group will also receive an individualised
patient-centred physical activity plan developed with the
advice of a health coach. The focus of the patient-
centred physical activity will be on a gradual increase in
physical activity where participants will be encouraged
to devise fortnightly goals to suit and advance their
physical activity levels. This intervention will be supported
by the use of mHealth, which will include a specifically de-
signed mobile web application (web app) and a physical
activity monitoring device (FitBit).
The intervention will address the following factors:
Health coaching: This will involve an initial individual
face-to-face coaching session. The session can take up to
2 hours and it will be held at the participants’ home.
The health coach will be an experienced physiotherapist
with a health coaching certification. Their aim will be to
motivate and support the participants to increase their
physical activity levels. The health coaching session will
encompass:
1. Increasing physical activity: Participants will be
assisted to develop a physical activity plan that suits
their lifestyle preferences. The World Health
Organisation (WHO) guidelines addressing healthy
adults recommend at least 150 min of moderate-
intensity or 75 min of vigorous-intensity aerobic
physical activity throughout the week or an
equivalent combination of moderate- and vigorous-
intensity activity. These recommendations relate not
only to sports, but also to other leisure activities,
work and transport activity [25]. Suitable local
exercise opportunities will be identified using the
NSW Ministry of Health’s Active and Healthy [26]
online database.
2. Decreasing sedentary behaviour: Participants will
be encouraged to increase incidental physical
activity throughout the day. Options may include
travelling by public transportation to work,
walking to shops, carrying out a home exercise
program, standing at work and spending less time
sitting while at home.
3. Goal-Setting: Goals are more effective when they are
important to the individual (e.g., self-set rather than
assigned), realistic, can be monitored, and when the
participant receives positive encouragement [27].
The health coach will jointly work with each
participant to set short-term physical activity goals
to be achieved fortnightly. The participants’
individual goals will be set taking into consideration
the nature of LBP and its normal clinical course.
Although the focus of the interaction between the
coach and participants is not on symptom monitoring,
if significant clinical decline (e.g. participants’ reports
of nerve root compromise) is observed, coaches will
advise participants to seek appropriate treatment. The
health coach will aim to monitor their goals, giving
them support and motivation.
This health coaching service will be modelled after the
successful [19] NSW Ministry of Health initiative Get
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Healthy service. After the first individual face-to-face
coaching session, the health coach will contact each par-
ticipant fortnightly (12 phone calls over a 6 month
period each participant) to assess progress, update the
participants’ short-term goals and assist in overcoming
barriers – e.g. how to get back to exercise after illness,
and provide problem-solving strategies for maintaining
physical activity.
The Fitbit activity monitor and feedback device: The
activity monitoring device will be provided to the par-
ticipant by the health coach during the initial visit who
will also demonstrate its use. Each participant will re-
ceive a brief orientation covering this instrument’s
proper functions. Telephone support will be offered to
participants who have difficulty with the device setup.
The Fitbit is a personal accelerometer device designed to
track physical activity and sleep. This device logs indi-
vidual data on physical activity and provides feedback on
the number of steps taken in each 24-hour period; the
distance walked daily; calories burned; and sleep dur-
ation and quality. The number of steps taken per day,
week, and month are also summarised graphically on
the device’s website (http://www.fitbit.com/au) or a
Smartphone application, which will also be demon-
strated to the participant.
The IMPACT web app: The IMPACT web app: A mo-
bile web app will be built and hosted by the University
of Sydney. The app will be customised specifically for
the purposes of this project to allow participants to
monitor their goals and their physical activities. Partici-
pants will be able to access the app at any time and write
reports about their physical activity related goals to their
health coach as well as receive coach-tailored feedback.
In addition, each participant will receive a quick ques-
tionnaire every week to monitor their pain levels, based
on the Numerical Rating Scale; disability, based on the
Rolland-Morris disability questionnaire and care-seeking
associated with LBP. This questionnaire was created spe-
cifically to this project. The health coach will have the
ability to view the participant’s report and communicate
with them by phone fortnightly to discuss their goals
and update them according to their reports and feed-
back. Personalised messages constructed by the health
coach will be sent every week to encourage participants
to achieve their goals. In summary, the IMPACT web
app will be designed to facilitate monitoring achieve-
ment and providing updates on participants’ goals, en-
couraging them to engage in physical activity and track
potential adverse events.
The standard care control group will receive the ‘Make
your move – Sit less, be active for life!’ booklet and will
be advised to work towards increasing their physical ac-
tivity levels and achieving their two long-term goals as
defined at baseline.
Outcomes
Primary outcomes will be collected at baseline and weekly
over a period of 6 months of intervention through an on-
line, self-reported electronic questionnaire, created by the
research team. The physical activity intervention group
will receive a reminder every week through the web app
with a brief questionnaire related to the primary out-
comes. The standard care group will receive a SMS re-
minder every week with a link to the same questionnaire.
Secondary outcomes will also be collected electronically at
baseline, 6 and 12 months. Both groups will fill out the
same questionnaire through the same system. The elec-
tronic version of the baseline questionnaires and the
weekly questionnaire were created by the research group
and will be hosted by the University of Sydney.
Primary outcomes
Care-seeking associated with LBP Care-seeking will be
assessed at baseline and weekly over a 6- month period
through a specifically designed electronic questionnaire.
The participant will be able to register information related
to care-seeking such as any visits to a health practitioner
(i.e. general practitioner, physiotherapist, chiropractor,
etc), type of pain self-management (i.e. heat pack, bed rest,
hot shower, etc), and medication intake (i.e. type of medi-
cation taken).
Pain levels Pain levels will be assessed with the numer-
ical rating scale (NRS) [28]. The NRS is an 11-point
scale ranging from 0 to 10, where 0 defines absence of
pain and 10 describes unbearable pain [28]. The weekly
electronic questionnaire developed for the trial will
gather average weekly pain levels based on the NRS [28].
Disability Functional disability will be assessed with the
Roland–Morris Disability Questionnaire (RDQ) [29]. It
consists of 24 questions focusing on normal activities of
daily life. Each affirmative answer corresponds to 1 point
and the final score is determined by the total number of
points. Total score ranges from 0 to 24 and higher
scores indicate higher disability. Scores above 14 indicate
severe impairment [30]. The weekly electronic question-
naire will also gather weekly disability impairment based
on the RDQ.
Secondary outcomes
Secondary outcomes will include:
Physical activity: Self-reported physical activity will be
measured using the International Physical Activity Ques-
tionnaire (IPAQ) [31]. Objectively measured physical
activity will be assessed over a 7-day period using a
matchbox-sized accelerometer (Actigraph GT3X+). Par-
ticipants will be instructed to wear the accelerometer on
the right hip, attached via an adjustable elastic belt, for
Amorim et al. BMC Musculoskeletal Disorders  (2016) 17:36 Page 5 of 8
83
seven consecutive days during waking hours (except dur-
ing water activities or bathing). Activity counts per sec-
ond will be collected at a sampling frequency of 30 Hz
and reintegrated to 60-second epochs for data analysis.
The mean counts/minute/day ActiGraph measure will
be computed as the total counts accumulated in a valid
day divided by the wear time of that day. To be consid-
ered as a valid day for analysis, ActiGraph wear time
must include 10 h or more. Periods of 60-minutes or
more of consecutive zeros (indicating non-use) will be
considered as “off-time”. Participants will receive a diary
to record all their activities on their waking hours during
the 7 days that they will be wearing the Actigraph. Ac-
celerometer data will be manually checked against par-
ticipant diary to verify wear time and erroneous data will
be excluded prior to analysis.
Goal attainment will be assessed using the Goal At-
tainment Scale (GAS) [27]. Two long-term goals will be
defined by the participant at trial entry GAS is a method
used to evaluate interventions according to the attain-
ment of a number of participant-specific goals. In effect,
each participant has his/her own outcome measure but
this is scored in a standardised way to allow proper stat-
istical analysis. Traditional standardised measures in-
clude a standard set of tasks (items) each rated on a
standard level. In GAS, tasks are individually identified
to suit the participant, and the levels are individually set
around their current and expected levels of performance
[32]. According to a recent systematic review, GAS de-
livers reliable and valid scores when employed as an out-
come measure in working age and older people within a
physical and neurological rehabilitation environment [33].
Sample size calculation
The sample size for this trial was determined in order
to detect a 2-point difference between groups on the
pain intensity outcome measured by the Pain Numer-
ical Rating Scale, assuming a standard deviation of 1.9
points [34]. According to a study conducted by J. T.
Farrar et al. [35], in a randomized controlled trial a
raw change of 1.74 and a percent change of 27.9 % on
a 0–10 pain intensity scale is a clinically important im-
provement [36].
The following specifications were used: statistical power
of 80 %, alpha of 5 %. Anticipating maximum loss to
follow-up of 35 % [37] the calculated target sample size is
68 patients (34 participants per group). As this is a pilot
study, it will investigate the feasibility of conducting a ran-
domized controlled trial (RCT) testing an innovative phys-
ical activity management strategy to prevent decline in
clinical outcomes following conservative treatment for
people with chronic LBP. Findings from this trial will in-
form on the feasibility, effect size and design of a large
multi-centred RCT.
Statistical analysis
The effect of treatment will be separately analysed for
each outcome using linear mixed models with time as a
repeated factor, group as a fixed factor and participants
as a random factor. The coefficient of the group x time
interactions will provide estimates of the effects of in-
terventions over time. Between-group differences in
mobility-related goal attainment, at 6 months after
randomisation, will be analysed with ordinal regres-
sion. To aid interpretation of goal attainment, the
scores will also be dichotomised (goal met versus goal
not met), and odds ratios calculated. Accelerometer
data will be processed using ActiLife 6 software. Ac-
ceptable wear time will be set a priori and defined as
4 days or more of 10 h or more per day. All analyses
will be performed by intention-to-treat and blinded to
treatment group. Potential covariates that will be investi-
gated are baseline pain and disability levels, number of
previous treatments, symptom duration, co-morbidities,
age and socioeconomic status.
Process evaluation: qualitative study
Several face to face semi-structured interviews will be
conducted with a minimum of 20 participants from
the physical activity intervention group, at 1 and
6 months after study enrolment, in order to under-
stand the experiences and attitudes of participants
with regard to undertaking the intervention. Partici-
pants will be judgmental sampled to obtain a range of
demographic data including gender, age and physical
activity level. Participants will be interviewed about
perceived advantages and disadvantages of the inter-
vention, motivation, self-efficacy and confidence, be-
liefs about physical activity. The main facilitators and
barriers of the intervention will be identified using
thematic analysis.
Ethics
The trial includes key methodological features to min-
imise bias in controlled trials: randomisation, con-
cealed allocation, specification of eligibility criteria,
blinded outcome assessment, blinded analysis, and
intention-to-treat analysis. Data will be stored in
spreadsheets and transferred to appropriate statistical
software for analysis by an investigator blinded to
group allocation. Spreadsheets will be regularly scruti-
nised for omissions and errors. Data will be stored
and accessed as per the University of Sydney ethics
requirements.
This protocol was registered at the Australian New
Zealand Clinical Trials Registry (ACTRN12615000189527)
and was prospectively approved by the Human Research
Ethics Committee from the South Western Sydney Local
Health District (Local HREC reference 15/015).
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Discussion
This RCT will represent a major advance in the field be-
cause it will investigate a new model of care to prevent
clinical decline in patients who have received the bene-
fits of conservative treatment for chronic LBP. Patients
who experience recurrence of LBP after treatment are
prone to seek additional care in the form of physiother-
apy, medication, and attending emergency departments.
This intervention aims to empower patients to self-
manage their LBP as well as to prevent back pain recur-
rence, disability and reduce care seeking by offering
patients a contemporary patient-centred physical activity
program with the support of mHealth technology. This
new model of care is based on a model used in a funded
NHMRC trial combining physical activity promotion
and fall prevention in older people [38] which is man-
aged by co-investigator Tiedemann. This is an innovative
approach of translating knowledge from health fields
and a successful model will be translated to a population
recovering from LBP that seeks care through public and
health private systems. The impact on reducing the
current yearly $1 billion treatment costs for LBP could
be substantial. The outcomes of this program of research
will have immediate clinical practice implications. If ef-
fective, this new model of care has the potential to be
implemented in the management of other chronic con-
ditions that would benefit from increased physical activ-
ity participation, such as osteoarthritis, heart disease and
diabetes. The results of this trial will be published once
the study is concluded.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ABA, EP, MS, MLF, AT, MJ and PF were responsible for the design of the
study. ABA and PF will act as the study coordinators. All authors read and
approved the final manuscript.
Acknowledgments
This study will be funded by a competitive grant awarded by the Medibank
Health Research Fund and the proposal was peer reviewed. The funder has
no part in designing the study and in its implementation, analysis, data
interpretation and presentation of the results. ABA is a PhD student
supported by the post-graduate research scholarship “Science without
Borders” awarded from the Brazilian Government. MLF is a Sydney Medical
Foundation Fellow.
Author details
1Discipline of Physiotherapy, Faculty of Health Sciences, The University of
Sydney, 75 East Street, Lidcombe, Sydney, NSW 1825, Australia. 2The George
Institute for Global Health, Sydney Medical School, The University of Sydney,
Sydney, NSW, Australia. 3Institute of Bone and Joint Research, The Kolling
Institute, Sydney Medical School, The University of Sydney, Sydney, NSW,
Australia. 4Physiotherapy Department, Liverpool Hospital, South Western
Sydney Local Health District, Sydney, NSW, Australia.
Received: 25 May 2015 Accepted: 10 December 2015
References
1. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F,
et al. Chapter 4. European guidelines for the management of chronic
nonspecific low back pain. Eur Spine J. 2006;15 Suppl 2:S192–300.
2. Walker BF, Muller R, Grant WD. Low back pain in Australian adults: the
economic burden. Asia Pac J Public Health. 2003;15(2):79–87.
3. Suzman R, Beard J. Global Health and Aging. U.S. Department of Health and
Human Services/World Health Organization. 2011; 11-7737.
4. Kongsted A, Kent P, Hestbaek L, Vach W. Patients with low back pain had
distinct clinical course patterns that were typically neither complete
recovery nor constant pain. A latent class analysis of longitudinal data.
Spine J. 2015;15(5):885–94.
5. Dunn KM, Croft PR. Epidemiology and natural history of low back pain. Eura
Medicophys. 2004;40(1):9–13.
6. Ferreira ML, Ferreira PH, Latimer J, Herbert RD, Hodges PW, Jennings MD, et al.
Comparison of general exercise, motor control exercise and spinal manipulative
therapy for chronic low back pain: A randomized trial. Pain. 2007;131(1-2):31–7.
7. van Middelkoop M, Rubinstein SM, Verhagen AP, Ostelo RW, Koes BW, van
Tulder MW. Exercise therapy for chronic nonspecific low-back pain. Best
Pract Res Clin Rheumatol. 2010;24(2):193–204.
8. Enthoven P, Skargren E, Oberg B. Clinical course in patients seeking primary
care for back or neck pain: a prospective 5-year follow-up of outcome and
health care consumption with subgroup analysis. Spine. 2004;29(21):2458–65.
9. Pinto RZ, Ferreira PH, Kongsted A, Ferreira ML, Maher CG, Kent P. Self-
reported moderate-to-vigorous leisure time physical activity predicts less
pain and disability over 12 months in chronic and persistent low back pain.
Eur J Pain. 2014;18(8):1190–8.
10. Vuori IM. Dose-response of physical activity and low back pain, osteoarthritis,
and osteoporosis. Med Sci Sports Exerc. 2001;33(6 Suppl):S551–86.
discussion 609-10.
11. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R,
et al. Using pedometers to increase physical activity and improve health: a
systematic review. Jama. 2007;298(19):2296–304.
12. Macedo LG, Bostick GP, Maher CG. Exercise for prevention of recurrences of
nonspecific low back pain. Phys Ther. 2013;93(12):1587–91.
13. Mansi S, Milosavljevic S, Baxter GD, Tumilty S, Hendrick P. A systematic
review of studies using pedometers as an intervention for musculoskeletal
diseases. BMC Musculoskelet Disord. 2014;15:231.
14. McDonough SM, Tully MA, Boyd A, O'Connor SR, Kerr DP, O'Neill SM, et al.
Pedometer-driven walking for chronic low back pain: a feasibility
randomized controlled trial. Clin J Pain. 2013;29(11):972–81.
15. Eakin EG, Lawler SP, Vandelanotte C, Owen N. Telephone interventions for
physical activity and dietary behavior change: a systematic review. Am J
Prev Med. 2007;32(5):419–34.
16. Lichtenstein E, Glasgow RE, Lando HA, Ossip-Klein DJ, Boles SM. Telephone
counseling for smoking cessation: rationales and meta-analytic review of
evidence. Health Educ Res. 1996;11(2):243–57.
17. Allen KD, Oddone EZ, Coffman CJ, Datta SK, Juntilla KA, Lindquist JH, et al.
Telephone-based self-management of osteoarthritis: A randomized trial.
Ann Intern Med. 2010;153(9):570–9.
18. Castro CM, King AC. Telephone-assisted counseling for physical activity.
Exerc Sport Sci Rev. 2002;30(2):64–8.
19. O'Hara BJ, Phongsavan P, Venugopal K, Eakin EG, Eggins D, Caterson H,
et al. Effectiveness of Australia's Get Healthy Information and Coaching
Service(R): translational research with population wide impact. Prev Med.
2012;55(4):292–8.
20. Iles R, Taylor NF, Davidson M, O'Halloran P. Telephone coaching can
increase activity levels for people with non-chronic low back pain: a
randomised trial. J Physiother. 2011;57(4):231–8.
21. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated
guidelines for reporting parallel group randomised trials. Journal of
pharmacology & pharmacotherapeutics. 2010;1(2):100–7.
22. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158(3):200–7.
23. Colley RC, Garriguet D, Janssen I, Craig CL, Clarke J, Tremblay MS. Physical
activity of Canadian adults: accelerometer results from the 2007 to 2009
Canadian Health Measures Survey. Health Rep. 2011;22(1):7–14.
24. Hagstromer M, Troiano RP, Sjostrom M, Berrigan D. Levels and patterns of
objectively assessed physical activity–a comparison between Sweden and
the United States. Am J Epidemiol. 2010;171(10):1055–64.
Amorim et al. BMC Musculoskeletal Disorders  (2016) 17:36 Page 7 of 8
85
25. (WHO) WHO. Global recommendations on physical activity for health.
Geneva: WHO Press; 2012.
26. Active and Healthy. http://www.activeandhealthy.nsw.gov.au/. Accessed 22
of September 2014.
27. Kiresuk TJ, Sherman RE. Goal attainment scaling: A general method for
evaluating comprehensive community mental health programs. Community
Ment Health J. 1968;4(6):443–53.
28. Von Korff M, Jensen MP, Karoly P. Assessing global pain severity by self-
report in clinical and health services research. Spine. 2000;25(24):3140–51.
29. Waddell G. The Back Pain Revolution. Edinburgh: Churchill Livingstone; 1998.
30. Costa LO, Maher CG, Latimer J, Ferreira PH, Ferreira ML, Pozzi GC, et al.
Clinimetric testing of three self-report outcome measures for low back pain
patients in Brazil: which one is the best? Spine. 2008;33(22):2459–63.
31. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.
32. Turner-Stokes PL. Goal Attainment Scaling (GAS) in Rehabilitation: A
practical guide. Clin Rehabil. 2009;23(4):362–70.
33. Hurn J, Kneebone I, Cropley M. Goal setting as an outcome measure: A
systematic review. Clin Rehabil. 2006;20(9):756–72.
34. Magalhaes MO, Franca FJ, Burke TN, Ramos LA, de Moura Campos Carvalho
e Silva AP, Almeida GP, et al. Efficacy of graded activity versus supervised
exercises in patients with chronic non-specific low back pain: protocol of a
randomised controlled trial. BMC Musculoskelet Disord. 2013;14:36.
35. Farrar JT, Young Jr JP, LaMoreaux L, Werth JL, Poole RM. Clinical importance
of changes in chronic pain intensity measured on an 11-point numerical
pain rating scale. Pain. 2001;94(2):149–58.
36. Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, et al.
Interpreting change scores for pain and functional status in low back pain:
towards international consensus regarding minimal important change.
Spine. 2008;33(1):90–4.
37. Schaller A, Froboese I. Movement coaching: study protocol of a randomized
controlled trial evaluating effects on physical activity and participation in
low back pain patients. BMC Musculoskelet Disord. 2014;15:391.
38. Tiedemann A, Paul S, Ramsay E, O'Rourke SD, Chamberlain K, Kirkham C,
et al. What is the effect of a combined physical activity and fall prevention
intervention enhanced with health coaching and pedometers on older
adults' physical activity levels and mobility-related goals?: Study protocol for
a randomised controlled trial. BMC Public Health. 2015;15(1):477.
• We accept pre-submission inquiries 
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support 
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services 
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Amorim et al. BMC Musculoskeletal Disorders  (2016) 17:36 Page 8 of 8
86
CHAPTER SIX 
Integrating Mobile-health, health coaching, and Physical Activity 
to reduce the burden of Chronic low back pain Trial (IMPACT): 
a phase II randomised controlled trial
Chapter Six has been submitted for publication as: 
Amorim AB, Pappas E, Simic M, Ferreira ML, Jennings M, Tiedemann A, Carvalho-e-Silva, 
AP, Caputo E, Kongsted A, Ferreira   PH.  Integrating Mobile-health, health coaching, and 
Physical Activity to reduce the burden of Chronic low back pain Trial (IMPACT): a pilot 
randomised controlled trial. BMC Musculoskeletal Disorders (submitted 04.07.2018).  
87
AUTHORSHIP STATEMENT 
The co-authors of the paper “Integrating Mobile-health, health coaching, and Physical 
Activity to reduce the burden of Chronic low back pain Trial (IMPACT): a pilot
randomised controlled trial” confirm that Anita B Amorim has made the following 
contributions: 
 Conception and design of the research
 Analysis and interpretation of the findings
 Writing of the manuscript and critical appraisal of the content
As the primary supervisor for the candidature upon which this thesis is based, I can confirm 
that the authorship attribution statements above are correct. 
Associate Professor Paulo Henrique Ferreira 
29th June 2018 
88
Integrating Mobile-health, health coaching, and Physical Activity to reduce 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
the burden of Chronic low back pain Trial (IMPACT): a pilot
randomised controlled trial 
Anita B Amorim1*, Evangelos Pappas1, Milena Simic1, Manuela L Ferreira2,  Matthew 
Jennings3, Anne Tiedemann4, Ana Paula Carvalho-e-Silva1, Eduardo Caputo5, Alice 
Kongsted6,7, Paulo H Ferreira1 
1Discipline of Physiotherapy, Faculty of Health Sciences, The University of Sydney, 
Australia.  
2Institute of Bone and Joint Research, The Kolling Institute, Sydney Medical School, The 
University of Sydney, Australia.  
3 Physiotherapy Department, Liverpool Hospital, South Western Sydney Local Health 
District, Australia. 14 
4Faculty of Medicine and Health, School of Public Health, The University of Sydney, 15 
Australia. 16 
5Postgraduate Program in Physical Education, Federal University of Pelotas, Brazil. 17 
6Department of Sports Science and Clinical Biomechanics, University of Southern Denmark, 18 
Denmark. 19 
7Nordic Institute of Chiropractic and Clinical Biomechanics, Odense, Denmark. 20 
21 
*Corresponding author: Anita B Amorim - Faculty of Health Sciences, The University of22 
Sydney, 75 East Street, Lidcombe, Sydney NSW 1825, Australia. Telephone: +61 2 9351 23 
9010 / email: abar3926@uni.sydney.edu.au 24 
25 
89
ABSTRACT 1 
Background: Low back pain is one of the most prevalent musculoskeletal conditions and the 2 
highest contributor to disability in the world. It is characterized by frequent relapses leading 3 
to additional care-seeking. Engagement in leisure physical activity is associated with lower 4 
recurrences and better prognosis and potentially reduced care-seeking. Our aim was to 5 
investigate the feasibility and preliminary efficacy of a patient-centred physical activity 6 
intervention, supported by health coaching and mobile health, to reduce care-seeking, pain 7 
and disability in patients with chronic low back pain after treatment discharge. 8 
Methods: We conducted a phase II randomised controlled trial with blinded outcome 9 
assessment. Sixty-eight participants were recruited from four public outpatient physiotherapy 10 
departments and the general community in Sydney. The intervention group received a 11 
physical activity information booklet, plus one face-to-face and 12 telephone-based health 12 
coaching sessions. The intervention was supported by an internet-based application and an 13 
activity tracker (Fitbit). Control group (standard care) received the physical activity 14 
information booklet and advice to stay active. Feasibility measures included recruitment rate, 15 
intervention compliance, data completeness, and participant satisfaction. Primary outcomes 16 
were care-seeking, pain levels and disability. Outcomes were assessed at baseline, 6-month 17 
follow-up and weekly for 6 months. 18 
Results: Ninety potential participants were invited over 15 months, with 68 agreeing to take 19 
part (75%). Overall, 903 weekly questionnaires were answered by participants from a total of 20 
1,107 sent (89%). Participants were largely satisfied with the intervention (mean=8.7 out of 21 
10 on satisfaction scale). Intervention group participants had a 38% reduced rate of care-22 
seeking (Incidence Rate Ratio (IRR): 0.62, 95% CI: 0.32 to 1.18, p=0.14, using multilevel 23 
mixed-effects Poisson regression analysis) compared to standard care, although none of the 24 
estimates was statistically significant. No between groups differences were found for pain 25 
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levels or disability. 1 
Conclusion: The health coaching physical activity approach trialled here is feasible and well 2 
accepted by participants and may reduce care-seeking in patients with low back pain after 3 
treatment discharge, although further evaluation with an adequately powered trial is needed. 4 
Trial registration: Australian and New Zealand Trial Registry ACTRN12615000189527. 5 
Keywords: Physical activity, Low back pain, Mobile health, Health coaching, Randomized 6 
controlled trial. 7 
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BACKGROUND1 
Low back pain (LBP) is the leading cause of disability worldwide.[1] It is a common 2 
condition that affects more than 500 million people globally at any one time.[2] LBP is 3 
typically recurrent, with 24% to 87% of individuals who experience an episode of LBP 4 
suffering a recurrent episode within one year.[3-5] In many instances, people with activity-5 
limiting LBP experience recurrent episodes that may be longer in duration and be associated 6 
with higher levels of disability. This often results in high healthcare utilisation and prolonged 7 
time-loss from work, incurring AUD $9 billion in direct and indirect costs to Australia’s 8 
economy.[6-8] 9 
10 
While there is evidence that conservative interventions, such as exercise and spinal 11 
manipulative therapy, improve short-term pain and disability in people with chronic LBP,[9, 12 
10] patients typically exhibit a rapid decline in clinical outcomes after treatment discharge,[9,13 
11] and further care-seeking for LBP is common.[12] A potential contributor to clinical14 
decline is lack of adherence and motivation to maintain physical activity levels as 15 
recommended by LBP self-management guidelines.[13] It has been suggested that leisure-16 
time physical activity has a positive impact on the course of LBP.[14] For instance, people 17 
with chronic LBP who are physically active experience less pain (−0.6, 95% CI: −1.0 to −0.1; 18 
0-10 numerical pain scale) and disability (−8.7, 95% CI: −14.2 to −3.1; 0-100 disability19 
scale) than those not maintaining adequate physical activity.[15] Therefore, interventions 20 
aimed at supporting people with LBP to engage in active lifestyles should be encouraged. 21 
22 
Patient-centred approaches, supported by shared decision making, are usually more effective 23 
than general, non-specific approaches for promoting behaviour change, such as engagement 24 
in physical activity.[16] A recent systematic review demonstrated that patient-centred 25 
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approaches, such as motivational interventions, are effective at increasing physical activity 1 
behaviour for different clinical populations, including people with LBP.[17] Health coaching 2 
is based on behaviour change theory and aims to encourage and support healthier lifestyle 3 
choices.[18-20] There is strong evidence that health coaching can positively impact on health 4 
behaviours, including physical activity,[21] nutrition,[22] smoking cessation,[23] and self-5 
management of chronic conditions.[24] Additionally, Mobile health (m-Health) technologies, 6 
such as internet-based platforms (e.g. web applications, websites) are increasingly used to 7 
support behaviour change. M-Health has the potential to increase accessibility of treatment 8 
through the delivery of convenient, individually tailored, and contextually meaningful 9 
behavioural interventions.[25-27] Likewise, physical activity trackers (e.g. Fitbits) are 10 
effective in promoting physical activity uptake in people with musculoskeletal conditions, 11 
including LBP.[28, 29] However, the effectiveness of health coaching in addition to m-12 
Health technologies to increase physical activity levels and improve health outcomes in a 13 
population with chronic LBP after treatment discharge is unknown.  14 
15 
Therefore, we designed a phase II trial to test the feasibility and preliminary efficacy of a 16 
patient-centred physical activity intervention, supported by health coaching and m-Health 17 
technology to reduce care-seeking, pain and disability in patients with chronic LBP after 18 
discharge from conservative treatment, compared to standard care. The secondary aim was to 19 
examine the effect of this intervention on physical activity adherence and goal attainment. 20 
21 
METHODS 22 
Study design 23 
The trial protocol has been published in detail elsewhere[30] and is summarised briefly here. 24 
We conducted a phase II randomised controlled trial with blinded outcome assessment. 25 
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The trial is reported in accordance with the CONSORT guidelines for clinical trials[31] and 1 
the intervention is reported in accordance with the TIDieR checklist for reporting of 2 
interventions.[32] The Human Research Ethics Committee from the South Western Sydney 3 
Local Health District approved this study (project number: 15/015). Participants gave written 4 
informed consent before data collection began. 5 
6 
Participants 7 
Participant recruitment was conducted between March 2016 and July 2017. Participants were 8 
recruited from outpatient physiotherapy departments of four public hospitals the general 9 
community in Sydney metropolitan area. This was a deviation from the protocol where we 10 
proposed recruitment from a single hospital. Due to low recruitment rate we expanded our 11 
recruitment to patients who met the inclusion criteria in three additional hospitals as well as 12 
the general community. At the hospitals, individuals were invited to participate in the trial by 13 
their treating physiotherapists. Participants from the general community were invited through 14 
newsletters (e.g. Seniors Cards’ newsletter), or social media (e.g. Facebook). 15 
16 
Individuals who expressed interest in participating in the study were contacted by the 17 
research team and screened for eligibility, according to the following eligibility criteria: i) 18 
aged 18 years or older; ii) reported chronic LBP persisting for over 12 weeks; iii) discharged 19 
from physiotherapy but still symptomatic (score at least 3 on a 0-10 Numerical Pain Scale); 20 
iv) regular (weekly) users of a computer or internet-connected mobile/tablet device; and v)21 
fluent in English (verbal and written). Exclusion criteria included: i) pregnancy; ii) diagnosis 22 
of serious spinal pathology (e.g. metastatic, inflammatory, or infectious diseases of the 23 
spine); or iii) a history of spinal surgery in the past 12 months. 24 
25 
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Assessments 1 
Once consent was obtained, a study investigator collected anthropometric (e.g. age, height, 2 
weight), and demographic data (e.g. education level, smoking status), as well as trial baseline 3 
data, through self-reported questionnaires embedded in an electronic platform (hosted at the 4 
University of Sydney), created specifically for the purposes of the study. Objective 5 
assessment of physical activity was performed with a triaxial accelerometer (Actigraph 6 
GT3X+). 7 
8 
Randomisation and blinding 9 
Randomisation was performed in a 1:1 ratio to the active intervention or standard care group. 10 
To ensure allocation concealment, randomisation to groups was undertaken by a blinded 11 
remote investigator (MS) not involved in recruitment using a computer-generated random 12 
number schedule of 10 permuted blocks of 6 and the final block of 8. Study investigators 13 
conducting data collection were blinded to group allocation. 14 
15 
Intervention group 16 
The intervention group received a physical activity and sedentary behaviour information 17 
booklet developed by the Australian Government Department of Health, called ‘Make your 18 
move – Sit less, be active for life’. In addition, they developed an individually tailored 19 
physical activity plan with guidance from a health coach, who was trained through the 20 
Wellness Coaching Australia course. Each participant received an initial home-based face-to-21 
face coaching session that lasted between 1 and 2 hours, that included motivational 22 
interviewing and solution-focused goal setting[18]. The focus of the patient-centred physical 23 
activity plan was to motivate and support participants to gradually increase their leisure-time 24 
and incidental physical activity. Participants were encouraged to devise fortnightly goals to 25 
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suit and advance their physical activity levels. After the first face-to-face coaching session, 1 
the health coach contacted participants fortnightly (12 phone calls per participant over 6 2 
months) to assess progress, update short-term goals, and assist in overcoming barriers. 3 
4 
This intervention was also supported by an activity tracker (Fitbit), and a specifically 5 
designed mobile web application (IMPACT app) (Figure 1). Participants were able to access 6 
the IMPACT app at any time to monitor their goals and physical activities and report on 7 
physical activity-related goals. The health coach used the participant reports to guide the 8 
telephone coaching sessions, discuss participants’ goals, and progress. Personalised 9 
messages, referred to as “healthy tips”, were sent on a weekly basis to encourage participants 10 
to achieve their goals. The intervention details are included in Table 1. 11 
12 
Control group 13 
The control group received the ‘Make your move – Sit less, be active for life!’ booklet and 14 
brief advice to remain active. 15 
16 
Assessment of feasibility 17 
Recruitment 18 
Records were kept of the number of individuals screened for eligibility, the number eligible 19 
and invited to participate and the number that consented to participate per recruitment site. 20 
When available, the reasons for not entering the study were also recorded. 21 
22 
Measures of compliance and completeness of data collection 23 
The number of participants who responded and provided valid data for each weekly follow-24 
up of primary outcomes (completeness of data), and who complied with the accelerometer 25 
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(Actigraph) protocol (compliance) was recorded. Participant’s compliance was measured by 1 
the number of health coaching sessions completed. 2 
3 
Barriers and facilitators to completing the study 4 
A semi-structured interview with intervention participants who completed the study, was 5 
conducted to gather data on their experience, and the barriers and facilitators to participation. 6 
Participants also rated their experiences regarding the health coaching, use of the Fitbit, and 7 
the IMPACT web app, using open-ended questions as well as Likert-based scales. 8 
9 
Assessment of intervention impact 10 
Primary outcomes 11 
Primary clinical outcomes were care-seeking, pain levels and disability, collected weekly 12 
during the 6 months of the intervention through a study-specific electronic survey that 13 
included questions about LBP (Appendix A). Disability was also assessed at baseline and 6-14 
month follow-up using the Roland–Morris Disability Questionnaire (RMDQ; range 0-15 
24).[33]16 
17 
Secondary outcomes 18 
Secondary outcomes were assessed at baseline and 6-month follow-up. Self-reported physical 19 
activity was assessed using the International Physical Activity Questionnaire (IPAQ; minutes 20 
of engagement in physical activity per week).[34] Physical activity was assessed objectively 21 
over a 7-day period using the accelerometer (Actigraph GT3X+). To be considered a valid 22 
day, wear time was defined as 10 hours or more on four or more days, and non-wear time was 23 
defined as 90 minutes of consecutive zero counts. Actigraphs were initialised to collect 24 
triaxial acceleration data using a frequency of 30 Hz, and data were aggregated to 60-second 25 
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epochs using Actilife software 6.13.3. Physical activity data were summarised to produce 1 
measures of overall light physical activity, moderate-to-vigorous physical activity (MVPA) 2 
and average step count per week. [35] This was a deviation from the protocol in order to aid 3 
interpretation based on the World Health Organization (WHO) physical activity guideline 4 
recommendation of 150 minutes of MVPA per week.[36] Goal attainment was assessed using 5 
the Goal Attainment Scale (GAS; range -2 to 2).[37] Participants were requested, at baseline, 6 
to set two goals (related to physical activity) to be achieved within 6 months and the degree 7 
of goal attainment was assessed at 6 months. 8 
9 
Sample size calculation 10 
We estimated that a sample size of 68 participants would provide 80% power to detect a 2-11 
point between-group difference on the pain levels outcome measured by the Pain Numerical 12 
Rating Scale, assuming a standard deviation of 1.9 points. We anticipated a maximum 13 
dropout rate of 35% and alpha of 5%. 14 
15 
Data analysis 16 
Our recruitment metric was calculated based on the number of participants consenting to 17 
participate in the study as a proportion of participants invited. We assessed completeness of 18 
data collected for each of the outcome measures, with >80% valid data used as criteria to 19 
consider the study feasible. Compliance with the accelerometer protocol was considered valid 20 
if the participant wore the device for at least 10 hours a day for at least four days.[38] A 21 
previously established algorithm (Choi 2001) was used to determine ‘non-wear’ time.[39] 22 
Descriptive statistics were used to describe the baseline characteristics of included 23 
participants. 24 
25 
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We used multilevel mixed-effects models to calculate between-group incidence rate ratios 1 
(IRR) for the number of episodes of care-seeking per person throughout the intervention 2 
period (6 months) using Poisson regression. We also estimated the group effect over time 3 
using the multilevel mixed-effects model, taking into account individual follow-up time, the 4 
frequency of events, non-normal distribution of data over time, and non-independence of 5 
repeated measures. Pain was analysed as a continuous repeated variable using a multilevel 6 
mixed linear regression model with random intercepts. The effect of group allocation at 7 
single time points on continuous outcomes (e.g disability and physical activity) was assessed 8 
using linear regression models. We analysed between-group differences in mobility-related 9 
goal attainment at 6 months. To aid interpretation of the GAS, the scores were dichotomised 10 
(goal met versus goal not met), and odds ratios calculated. All analyses were performed by 11 
intention to treat. Stata IC 12.0 (StataCorp Texas, USA) was used for analyses. 12 
13 
RESULTS 14 
Flow of participants through the study 15 
The flow of participants through the study is shown in Figure 2. In total, 152 potential 16 
participants were screened for eligibility, from those 90 met the inclusion criteria (59%) and 17 
were invited to participate, with 68 agreeing to participate (75%). Of these, 33 participants 18 
were recruited over 12 months following discharge from physiotherapy treatment in 19 
outpatient departments of four public hospitals; and 35 participants were recruited over three 20 
months from the general community (51.5%). Most people from the hospital sites that did not 21 
meet the inclusion criteria were excluded because they did not speak English, as opposed to 22 
people from the general community that were excluded because they had not previously had 23 
physiotherapy treatment for their chronic LBP. Follow-up data were collected from 31 24 
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intervention group participants (3 dropouts), and from 24 control group participants (10 1 
dropouts), with a total of 19% of loss to follow-up. 2 
3 
Characteristics of participants   4 
Participant characteristics are described in Table 2. The two groups did not differ 5 
significantly on demographic factors, (mean age was 58.4 SD±13.4, and 50% were female). 6 
Most participants were non-smokers (58%) and were considered overweight (BMI: mean 7 
28.0 SD±5.5). Participants assigned to the intervention and control groups were similar 8 
regarding pain levels and disability. Participants in the intervention group reported slightly 9 
higher baseline self-reported MVPA (minutes per week) when compared to the control group 10 
(mean=199.1, SD±672.2; mean=129.8, SD±392.2, respectively). However, objective 11 
measures of physical activity revealed similar results between groups (e.g. average time spent 12 
in MVPA was 197.5, SD±141.1; and 209.0, SD±170.5, for the intervention and control 13 
groups respectively). 14 
15 
Compliance and completeness of data collection 16 
Overall, 903 weekly questionnaires were answered by participants from a total of 1,107 sent 17 
(89%). In total, 50 of the 68 participants (73%) reported at least one episode of LBP during 18 
the trial. From those, 33 (48%) sought some form of care. Actigraph data were collected for 19 
48 of the 68 participants (71%). The remaining participants failed to wear the Actigraph for at 20 
least four days as required and the data collected were insufficient for analysis.  21 
22 
Participants’ experiences with the intervention 23 
Of the 31 participants from the intervention group who completed the 6-month follow-up, 24 24 
were interviewed about their experiences with the intervention. The other seven participants 25 
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completed the follow-up before ethics was granted for the interviews and therefore were not 1 
invited to participate. Overall, participants were satisfied with the intervention (mean=8.7 on 2 
the 0 to 10 satisfaction scale, where higher scores indicate higher satisfaction) (Figure 3). 3 
Participants were presented with the main features of the study (e.g. the Fitbit, the health 4 
coaching, the IMPACT app or receiving the weekly surveys) and were asked to rank the level 5 
of preference. The aspect of the intervention that participants enjoyed most was using the 6 
Fitbit (53%), followed by the health coaching (29%). The aspect they least enjoyed was 7 
receiving the weekly surveys (6%).  Most intervention group participants (n=23, 96%) 8 
reported wearing the Fitbit every day or most days during the intervention and felt that it was 9 
useful to motivate them to be more active, with most participants (71%) engaging in physical 10 
activity for four or more times per week. Furthermore, most participants (88%) believed the 11 
amount of contact with the health coach (mean=11 sessions, SD±2) was appropriate and 12 
reported that coaching sessions were helpful for encouraging them to be physically active. No 13 
adverse events were reported. 14 
15 
Intervention impact on clinical outcomes 16 
Primary outcomes 17 
Data on the primary outcomes are presented in Table 3. Overall, the average number of care-18 
seeking episodes/person per group was higher in the control group when compared to the 19 
intervention group (mean=6.3, SD±7.8, mean=3.1, SD±4.6, respectively). However, this 20 
difference between groups did not reach statistical significance. There were no between 21 
groups differences for pain and disability during follow-up. However, the Poisson regression 22 
analysis showed that participants in the intervention group, on average, and across the follow-23 
up period, had a 38% reduced rate of care-seeking (IRR: 0.62, 95% CI: 0.32 to 1.18, p=0.14) 24 
compared to control group. Regarding the group effect over time, there was a non-significant 25 
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weekly reduction rate of care-seeking of 3% in the intervention group (IRR: 0.97, 95% CI: 1 
0.93 to 1.01, p=0.14) (Figure 4). 2 
3 
Secondary outcomes 4 
Table 4 shows the group data at baseline and 6 months for the secondary outcomes. 5 
Participants in the intervention group self-reported more walking at follow-up (assessed with 6 
the IPAQ) compared with the control group (183.1 minutes per week; 95% CI=48.5 to 317.7, 7 
p=0.009) and a higher proportion of the intervention group attained their physical activity 8 
goals at 6 months compared to the control group (OR: 6.5; 95% CI 1.9 to 22.5, p=0.003). 9 
There were no between-group differences for self-reported MVPA, or objectively assessed 10 
physical activity assessed. 11 
12 
DISCUSSION 13 
Feasibility 14 
Results from this study indicate that a physical activity intervention for people with chronic 15 
LBP that involves health coaching, activity trackers, and m-Health over 6 months is feasible 16 
and acceptable by the target population. Our results also indicate some impact of the 17 
intervention on the primary outcome of care-seeking and the secondary outcomes of self-18 
reported walking and physical activity goal attainment. 19 
20 
Ease of participant recruitment differed in the hospital setting compared with the general 21 
community, with more participants recruited from the general community in a shorter period 22 
compared with the public hospitals over a longer period. This discrepancy is likely due to the 23 
culturally diverse background of patients screened at the hospitals when compared to the 24 
general community, with sufficient English language skills being required for study 25 
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enrolment. Australia is known to have a large culturally diverse migrant population, and this 1 
can present challenges for clinical trial recruitment and intervention delivery.[40] To 2 
overcome this limitation, translation services could be utilised to facilitate recruitment and 3 
study implementation in culturally diverse hospital sites. 4 
5 
Further potential challenges identified in this study should be considered for the 6 
implementation of a full-scale phase III trial. One aspect that deserves attention is the high 7 
number of drop-outs in the control group, which at 19% was lower than the anticipated 35% 8 
previously reported in the trial protocol[30]. A lower drop-out rate in the control group may 9 
be achieved with the inclusion of a sham advice group, with the same amount of therapist 10 
interaction (phone calls) as the intervention group. Also, the weekly data collection resulted 11 
in a large amount of missing data, which could have underpowered our study to detect 12 
intervention effects on care-seeking and pain intensity. To reduce the amount of missing data, 13 
primary outcomes could be collected less frequently (for example on a fortnightly basis) to 14 
minimise study burden on participants. Further, this study was associated with a 42% rate of 15 
loss to follow-up in the physical activity outcome, which in part reflects the requirement to 16 
wear the accelerometer for seven days.[41] To increase compliance with the Actigraph 17 
protocol, participants could be contacted during the 7-day period of data collection and be 18 
reminded to use the Actigraph for at least 10 hours a day during that week.   19 
20 
Clinical impact  21 
Although this phase II clinical trial was not powered to detect a difference in healthcare 22 
utilisation, the direction and magnitude of findings suggest a possible beneficial effect of the 23 
intervention to reduce care-seeking over time. Also, we observed a significant increase in the 24 
amount of self-reported walking in the intervention group compared to the control group, but 25 
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not in MVPA assessed either by self-report or objective methods. Furthermore, a higher 1 
number of participants in the intervention group (65%) achieved their physical activity goals 2 
as compared to the control group (22%), indicating a beneficial impact on behaviour.  3 
4 
To the best of our knowledge, this is the first study that has investigated the effect of a health 5 
coaching physical activity intervention not only in decreasing pain and disability but also in 6 
decreasing care-seeking in people with chronic LBP after discharge from physiotherapy 7 
treatment. To date, there is insufficient evidence of the effect of health coaching-based 8 
interventions for decreasing pain and disability in people with LBP.[42, 43] Most published 9 
trials have not clearly defined the principles on which the health coaching is based (e.g. 10 
behaviour change theory, motivational interviewing), or the methods by which coaches are 11 
trained (e.g. certified courses, amount of training) to ensure the treatment is delivered as 12 
intended.[44] This variability in study settings challenges the comparison of our findings with 13 
previous studies. Our study clearly defined the intervention, which involved health coaching, 14 
based on goal setting, motivational interviewing and behaviour change theory, which has 15 
been identified by a recent systematic review[45] to be the most effective approach to 16 
improve health outcomes.  17 
18 
Recent research has suggested that chronic LBP interventions should prioritise self-19 
management to reduce healthcare utilisation rather than pain intensity, given that pain levels 20 
is not significantly sensitive to change over time.[46] However, the main challenge to 21 
effective self-management of LBP is limited adherence to physical activity and lifestyles that 22 
are most likely to reduce the physical and emotional “triggers” that aggravate symptoms of 23 
LBP.[47]  Although we did not observe between-group differences in pain or disability in our 24 
study, we detected a trend of reduction in care-seeking and a significant increase in walking 25 
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and physical activity goal attainment in favour of the intervention group, which are clinically 1 
valuable. To detect a clinically meaningful between-group difference, a phase III randomised 2 
controlled trial could estimate the sample size based on care-seeking rates observed in this 3 
trial. 4 
5 
With regard to physical activity, there was a significant increase in walking time in the 6 
intervention group compared to the control group. Most recent guidelines support walking as 7 
an essential component of management for chronic LBP.[48] In our study, intervention 8 
participants were encouraged to use the Fitbit, which has been found to be effective in 9 
increasing walking in people with LBP.[29] The Fitbit was used as a feedback tool and 10 
participants were encouraged to walk and set goals related to step count in addition to the 11 
other preferred activities. Additionally, we found a significant between-group difference in 12 
goal attainment at 6 months in favour of the intervention group. This may be explained by the 13 
fact that many participants set goals related to walking, which increased significantly in the 14 
intervention group. Moreover, many participants set goals associated with specific structured 15 
activities, such as yoga, Pilates or swimming, which are activities that are less sensitive to be 16 
registered with the Actigraph.[49, 50] Consequently, it is likely that this device was not 17 
sufficiently sensitive to detect increases in participation for these types of activities.  18 
19 
Strengths and limitations  20 
A key strength of this trial is its low risk of bias due to central randomisation and allocation 21 
concealment, blinded outcome assessment, intention-to-treat analysis, and pre-publication of 22 
a study protocol and statistical analysis plan.[30] We conducted this study in accordance with 23 
CONSORT guidelines and followed the prospectively registered protocol. Further study 24 
strengths include the availability of weekly collected data on LBP intensity and care-seeking 25 
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gathered during the time of the intervention. Additionally, we used objective physical activity 1 
measures, which are more accurate compared to self-reported measurements.[51] 2 
3 
A potential limitation is that our intervention included several pragmatically delivered 4 
components, such as health coaching, which included a range of techniques (i.e. goal setting, 5 
motivational interviewing), activity trackers, and mobile technology (IMPACT App). As yet, 6 
it is unclear which techniques or components of the intervention are effective or not. 7 
However, this is a phase II trial, and therefore the main aim was to evaluate the feasibility 8 
and preliminary efficacy of outcomes and its impact on healthcare utilisation. Moreover, we 9 
did not evaluate frequently reported cognitive and emotional factors such as fear of 10 
movement, catastrophising, and anxiety, which impact on pain and disability.[52] A closer 11 
exploration of these cognitive behavioural factors and their impact on pain and disability is 12 
needed. 13 
14 
Conclusion 15 
This Phase II trial provides proof of concept, preliminary evidence of the success of the 16 
intervention, and evidence that this patient-centred physical activity intervention (supported 17 
by health coaching and m-Health technology) is feasible in a population with LBP. The 18 
intervention was associated with increased mobility goal attainment and walking volume at 6 19 
months and may reduce rates of additional care-seeking after treatment discharge. This result, 20 
however, should be interpreted cautiously due to underpowered analysis. If these effects are 21 
evident in a full-scale trial, this novel model of care may be an effective management strategy 22 
for patients with chronic LBP after treatment discharge, and the public health implications 23 
would be substantial. 24 
25 
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Table 1. Intervention description using the Template for Intervention Description and Replication (TIDieR) checklist 
1. Brief name Integrating Mobile-health, health coaching, and Physical Activity to reduce the 
burden of Chronic low back pain Trial (IMPACT)  
2. Why Low back pain is a significant public health problem and engagement in 
moderate levels of physical activity is associated with positive outcomes. 
Conservative active care, such as exercise, is effective in reducing pain and 
disability associated with chronic low back pain. However, a rapid decline in 
clinical outcomes is commonly seen after discharge from treatment. These 
problems need to be urgently addressed as the burden of low back pain 
continues to rise. 
3. What- materials • The “Make your move – Sit less, be active for life” physical activity
booklet developed by the NSW Ministry of Health
• A specifically designed mobile web application (IMPACT app) to monitor
participants’ goals and physical activities.
• A pedometer enhanced with a web-interface ("fitbit", www.fitbit.com/au)
to give feedback on the amount of daily physical activity achieved.
4. What- procedures Telephone or email-based health coaching was used to identify barriers and 
facilitators to physical activity participation, and to provide education and 
support to assist participants to achieve their physical activity goals. 
5. Who provided Three health coaches with professional backgrounds in physiotherapy and 
exercise physiology delivered the intervention. 
6. How The health coaching was delivered during one face to face session plus 12 
fortnight telephone-based sessions. 
7. Where The intervention was delivered to people with chronic low back pain after 
discharge from treatment from hospitals and general community in Sydney and 
surrounds, Australia. 
8. When and how much The face to face assessment and interview occurred at the beginning of the 
intervention period and lasted for approximately 2 hours. The telephone-based 
health coaching occurred after the face to face assessment and interview, once 
every 2 weeks for approximately 20 minutes for a total duration of 6 months. 
9. Tailoring The physical activity plan was tailored to participant goals, current physical 
ability and preferences. 
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Table 2. Baseline characteristics of the IMPACT study population divided by group, numbers are mean (SD) 
unless otherwise stated. 
aPain intensity measured with the numerical rating scale (0-10); bDisability measured with the Rolland-Morris 
Disability Questionnaire (0-24); cTotal minutes of physical activity per week measured with the International 
Physical Activity Questionnaire (IPAQ); dTotal minutes of physical activity per week measured with the 
Actigraph; e Percentage of participants meeting the physical activity guidelines (at least 150 minutes of moderate 
to vigorous physical activity). 
Variables Intervention group 
(n=34) 
Control group 
(n=34) 
Age 59.5 (11.9) 57.1 (14.9) 
Gender (female), number (%) 15 (44) 19 (56) 
Body mass index 28.9 (6.0) 27.2 (5.1) 
Non-smoker, number (%) 18 (53) 21 (62) 
Education (graduate), number (%) 11 (32) 12 (35) 
Pain intensitya 
Disabilityb 
5.4 (1.7) 
8.9 (5.4) 
5.2 (1.7) 
9.0 (6.1) 
Self-report Physical activityc 609 (886) 625 (812) 
Objective Physical activityd 2241 (886) 2099 (842) 
Moderate-to-vigorous physical activitye, number (%) 18 (53) 11 (32) 
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Table 3. Effects of intervention for primary outcomes (with 95% confidence intervals). 
Group Effect Group Effect Over Time* 
Primary outcomes n Coef./IRR 95% CI p Coef./IRR 95% CI p 
Care-seekinga 57 0.62 0.32–1.18 0.147 0.97 0.93–1.01 0.144 
Pain levelsb 57 0.24 -0.76–1.25 0.635 -0.01 -0.04–0.01 0.303 
Disabilityc,d 54 -0.47 -3.13–2.18 0.722 0.99 0.96–1.02 0.660 
*Multilevel mixed-effects and interaction with time variable for the outcomes collected weekly.
aCare-seeking due to LBP in the last week (yes or no); bLow Back Pain level in the last week measured with the 
numerical rating scale (0-10);  cDisability collected at baseline and at 6 months was measured with the Roland-
Morris Disability Questionnaire (0-24), where higher scores = higher disability; dDisability collected weekly 
(yes or no); Coef.: coefficient; IRR: Incidence Risk Ratio; CI: Confidence Interval. 
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Table 4. Mean (SD) of secondary outcomes by group at baseline and follow-ups and effects of intervention. 
*Between-group differences at 6 months, adjusted for baseline values, with 95% confidence intervals (CI).
aTotal minutes of physical activity per week measured with the International Physical Activity Questionnaire (IPAQ); bTotal minutes of light physical activity objectively 
measured with the Actigraph; cTotal minutes of  moderate-to-vigorous physical activity (MVPA) objectively measured with the Actigraph; dTotal steps taken per week 
objectively measured with the Actigraph; eGoal attainment measured with the Goal Attainment Scale (GAS) PA=physical activity. Coef.: coefficient; OR: Odds Ratio. 
Secondary outcomes 
Intervention 
Baseline 
Intervention 
Follow-up 
Control 
Baseline 
Control 
Follow-up 
Intervention vs Control* 
n=34 n=31 n=34 n=24 Coef./OR 95% CI p 
Self-reported walking, min/weeka 340.3 (688.9) 453.0 (942.5) 250.8 (221.2) 254.5 (390.8) 183.1 48.53–317.68 0.009 
Self-reported moderate PA, min/weeka 109.7 (379.1) 60.9 (96.1) 93.5  (273.0) 159.7 (343.5) 61.0 -46.05–168.12 0.256 
Self-reported vigorous PA, min/weeka 89.4 (363.5) 77.3 (174.1) 35.3 (165.8) 71.2 (163.3) 50.5 -63.83–164.81 0.377 
Objective light PA, min/weekb 1984.9 (712.2) 2065.7 (529.5) 1936.7 (655.5) 1941.2 (546.2) 133.5 -169.6–436.6 0.378 
Objective MVPA, min/weekc 202.2 (152.4) 187.7 (138.5) 200.5 (166.2) 169.2 (131.8) 35.7 -38.2–109.6 0.334 
Step count/ weekd 51613 (27007) 51659 (25389) 50684 (29072) 49141 (24883) 6301 0.347–19719 0.347 
Goal attainmente, % (n.) - 65 (20) - 22 (5) 6.54 1.90–22.48 0.003 
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Figure 1. IMPACT web app 
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Individuals invited to participate 
(n = 93) 
Individuals that signed the consent form and 
completed baseline assessment  
(n = 68) 
Participants in the 
intervention group 
 (n = 34) 
Participants in the 
control group 
(n = 34) 
Individuals that did not meet 
the inclusion criteria  
(n = 59) 
Individuals that did not agree in 
participating   
(n = 25) 
Randomization 
Participants that completed 6 
months follow-up  
 (n = 31) 
Participants that completed 6 
months follow-up  
 (n = 24) 
Dropouts 
(n = 3) 
Dropouts 
(n = 10) 
Figure 2. Design and flow of participants through the study. 
Individuals screened for eligibility 
(n = 152) 
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How much did you enjoy participating in the study? 
How often did you used the IMPACT app on average? 
Did you find the healthy tip of the week useful? 
Did you communicate effectively with the health coach? 
Were you satisfied with the health coaching service? 
How often did you use the Fitbit? 
Do you think the Fitbit helped you to become more physically active? 
How much do you think the IMPACT study helped you to become more physically active? 
Did you manage to fit exercise into your daily life effectively? 
How do you think your life would be different if you have not taken part in the IMPACT Study? 
Do you feel that the practice of regular physical activity has any impact on your general health? 
Would you recommend the IMPACT study to other people with back pain? 
0 5 10 
Figure 3. Experience of Participants from the IMPACT Study*. 
*Each bar corresponds to the mean score of each question displayed in the left-hand side of the figure.
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Figure 4.  Weekly difference between groups in care-seeking, low back pain levels and disability throughout the 
study.  
Care-seeking 
___________ Intervention group 
- - - - - - - - - - Control group
Pain 
Disability 
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Appendix A. Low back pain weekly survey 
1) Have you had low back pain in the last 7 days?
(  ) Yes 
(  ) No 
Observation: the following questions will only appear if the participant has answered “Yes” for 
the previous question.  
2) Please indicate on average what was the intensity of your low back pain on a scale from 0 to
10, where 0 means “no pain” and 10 means “the worst pain imaginable”, over the last 7
days.*
0 1 2 3 4 5 6 7 8 9 10 
No pain Moderate 
Pain
Worst 
possible 
pain
3) Was the low back pain bad enough to limit your usual activities in the last 7 days?*
(  ) Yes (the following options will only appear if they answer “yes”)
(  ) No (go to next question)
(  ) Work 
(  ) Socializing 
(  ) Sports 
(  ) Hobbies 
(  ) Intimacy  
(  ) Chores 
4) Have you sought any treatment for this low back pain in the last 7 days?*
(  ) Yes (the following options will only appear if they answer “yes”)
(  ) No (go to next question)
(  ) GP 
(  ) Physiotherapist 
(  ) Chiropractor 
(  ) Emergency department 
(  ) Surgical procedure 
(  ) Other Please specify: 
*Weekly pain levels outcome was based on question 2; weekly disability outcome was based on
question 3; weekly care-seeking outcome was based on question 4.
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CHAPTER SEVEN 
Conclusions 
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7.1 Purpose of this thesis 
Current evidence relating to the relationship between physical activity and chronic low back 
pain remains unclear. Methodological limitations present in previous studies such as the lack 
of clarity regarding which types and intensities of physical activity influence chronic low back 
pain and the absence of adjustment for relevant confounders, such as genetics and 
environmental factors, possibly contribute towards these inconsistent findings. Thus, the broad 
aim of this thesis was to contribute towards a better understanding of the relationship between 
chronic low back pain and physical activity by conducting a series of studies that comprised a 
variety of research designs. Identifying potentially modifiable factors, such as physical activity, 
could lead to the development and implementation of evidence-based preventive and treatment 
strategies for chronic low back pain and associated disability.  
7.2 Overview of main findings 
Results reported in the cross-sectional study including 1,059 participants presented in Chapter 
Two showed that leisure and occupational physical activity are likely to have different impact 
on chronic low back pain. People’s engagement in moderate and vigorous leisure physical 
activity was associated with a lower prevalence of chronic low back pain (OR: 0.36, 95% CI: 
0.20–0.65, p=0.001). In contrast, some postures and movements that people frequently adopt 
in occupational settings, such as carrying, lifting heavy weight while inclined or awkward 
postures (e.g. bending, twisting, squatting, and kneeling) are associated with a higher 
prevalence of  chronic low back pain (OR: 5.0, 95% CI: 1.3–18.7, p=0.02; OR: 3.1, 95% CI: 
1.0–9.0, p=0.04, respectively). Less complex postures adopted at work, such as sitting, standing 
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or walking were not associated with the prevalence of chronic low back pain. The findings of 
this study suggest that while leisure physical activity appears to be beneficial, some 
occupational activities appears to be harmful to people with chronic low back pain, but this 
also depends on the nature and frequency of the movements/posture at work. However, due to 
the cross-sectional nature of our study, the results might also suggest that people with chronic 
low back pain might be less engaged in leisure physical activity. Our findings are consistent 
with the results of a recent systematic review1 including prospective cohort studies that 
concluded that leisure physical activity might reduce the risk of chronic low back pain by 11%–
16%.  
Likewise, it is plausible that a possible bidirectional relationship (due to the cross-sectional 
nature of the study design) between occupational physical activity and chronic low back pain 
does exist. However, as opposed to leisure physical activity whereby people have greater 
freedom to choose what they do during leisure time (e.g. watching TV or playing sports), when 
at work, people may not have the same options or an alternative posture to adopt while 
performing a specific task. As a result, it is less likely that people with chronic low back pain 
choose to adopt postures at work that will trigger pain. Therefore, the relationship between 
occupational physical activity and chronic low back pain is less likely to be bidirectional, in 
contrast with leisure physical activity. This is in accordance with previous prospective studies 
that have concluded that heavy physical workload increases the risk of chronic low back pain.2-
4
One limitation of previous studies that have investigated the relationship between physical 
activity and chronic low back pain is the lack of adjustment for relevant confounders, such as 
genetics and shared environmental factors. The use of a matched twin case-control design 
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accounts for a range of potential confounders, including genetics and environmental factors 
that are shared by families during their early life. In theory, this study design can shed more 
light on the nature of the association between physical activity and chronic low back pain by 
determining whether the relationship between these conditions is likely to be causal. A further 
limitation of previous studies includes the lack of analysis aimed at exclusively assessing the 
genetic influences on physical inactivity phenotypes. Genetic studies have suggested that 
physical inactivity may not simply correspond to the bottom of the physical activity range but 
could also represent a different behavioural pattern. This suggests that physical activity and 
physical inactivity may be associated with different genetic and environmental factors.  
To overcome these limitations, the study reported in Chapter Three of this thesis investigated 
whether people that are physically inactive (sedentary behaviour) are more likely to report 
chronic low back pain, and the strength of a possible association after adjusting for genetic and 
early environmental factors. The findings of this study, which included 2,148 twins, suggest 
that sedentary behaviour is associated with chronic low back pain. However, this association 
was weak (OR: 1.2, 95% CI: 0.98–1.46, p=0.06); it appears to be present only in females (OR: 
1.5, 95% CI: 1.16–1.91, p=0.001), and was not statistically significant when accounting for 
genetics and shared environmental factors (OR: 1.5, 95% CI: 0.79–2.97, p=0.20). This 
reduction in the strength of association suggests that genetics and early shared environmental 
factors may be confounding the association between sedentary behaviour and chronic low back 
pain. It also highlights the importance of controlling for genetic and environmental factors 
when investigating the relationship between chronic low back pain and lifestyle behaviours, 
such as sedentary behaviour.  
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The findings of the study reported in Chapter Three provide a different perspective on the 
low back pain field, suggesting the possibility that genetics and early shared environmental 
factors affect the relationship between chronic low back pain and lifestyle behaviour. Although 
twin studies are instrumental in quantifying the relative influence of genetics on chronic low 
back pain, family studies are also relevant in increasing our understanding of the role of familial 
factors, such as the transmission of chronic pain from parents to offspring in the general 
population. The study in Chapter Four has attempted to address the limitations of previous 
studies by investigating the influence of parental chronic spinal pain (neck and low back pain) 
on the prognosis of spinal pain in the offspring. Moreover, the study investigated whether the 
offspring lifestyles, such as engagement in leisure physical activity and body mass index 
(BMI), modified this association. The results indicate that offspring with both parents reporting 
chronic spinal pain are less likely to recover from chronic spinal pain (RR: 0.83, 95% CI: 0.69–
0.99) compared with offspring with no parent with spinal pain. Overall, there was no strong 
evidence that physical activity or BMI modify these associations, although the results suggest 
that the association between parental spinal pain and recovery from activity limiting spinal pain 
was stronger among offspring with a high BMI (RR: 0.57, 95% CI: 0.39–0.84).  
The findings of the study reported in Chapter Four supports the evidence from twin studies 
that genetic and familial factors possibly influence not only the development of chronic low 
back pain but also the recovery from chronic low back pain.5 In addition to genetic factors, 
these intergenerational associations incorporate familial factors, such as shared lifestyle 
behaviours (e.g. physical activity, sedentary behaviour, diet) and negative beliefs (e.g. fear-
avoidance beliefs) that could influence recovery.6-8 Findings of this study highlight how 
fundamental it is for clinicians managing patients with chronic low back pain to consider 
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familial factors as well as lifestyle behaviours in their attempt to identify those with the greatest 
risk of non-recovery. 
Taking into account the potential beneficial influence of engagement in leisure physical activity 
for people with chronic low back pain, this thesis also explored the feasibility and preliminary 
efficacy of a novel approach based on active lifestyle behaviour change. Chapter Five reports 
a protocol of a feasibility study (IMPACT study) involving a physical activity intervention, 
supported by health coaching and mobile technology, to help people with chronic low back 
pain to engage in leisure physical activity after discharge from conservative treatment. The 
feasibility and preliminary efficacy results of this study on care-seeking behaviour for chronic 
low back pain, pain intensity and disability are presented in Chapter Six.  
The results of this pilot randomised controlled trial indicated that it is feasible to implement a 
6-month physical activity intervention supported by health coaching and mobile health in
people with chronic low back pain after treatment discharge. The health coaching component 
of the intervention was well received by participants, with high levels of satisfaction reported 
(mean=8.7 on the 0 to 10 satisfaction scale). Some aspects of study design received poorer 
satisfaction levels by participants, such as frequency of data collection and will need to be 
considered further ahead of the implementation of a full-scale trial. Moreover, the direction of 
preliminary findings from this study suggests a possible beneficial effect of the intervention on 
reducing care-seeking over time when compared to standard care. On average, participants who 
receive the health coaching physical activity intervention had 38% reduced rates of seeking 
additional care after being discharged from treatment compared to standard care (IRR: 0.62, 
95% CI: 0.32–1.18). The observed difference between groups increased by 3% every week 
(IRR: 0.97, 95% CI: 0.93–1.01) over the course of 6 months, although these estimates were not 
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statistically significant. A significant increase in the amount of self-reported walking in the 
intervention group compared to the control group was also observed. Furthermore, a higher 
number of participants in the intervention group (65%) achieved their physical activity goals 
as compared to the control group (22%). 
7.3 Limitations of the thesis 
When interpreting the findings of this thesis, potential limitations should be taken into 
consideration. First, data on physical activity in most studies presented in this thesis were self-
reported. It is known that participants are likely to overestimate or underestimate their 
engagement in physical activity when data on physical activity is self-reported.9  However, this 
is a common limitation in large observational studies as the inconvenience of collecting 
objective measures from participants needs to be considered. Second, a common assumption 
in twin studies as discussed in Chapter Three of this thesis is that monozygotic (MZ) and 
dizygotic (DZ) twin pairs share a similar environment.10 MZ twins tend to share demographic 
and lifestyle factors (e.g. education, diet habits, and physical activity habits) to a greater degree 
than DZ twins.10 Although this issue does not affect the estimates presented in the thesis, the 
greater concordance rates of environmental exposures in MZ twins should be considered when 
interpreting the results.  
Third, the follow-up duration in the longitudinal analyses presented in this thesis could be 
regarded as a potential limitation. In the study reported in Chapter Three, participants were 
followed for a maximum of 4 years. The effect of the duration of exposures (leisure and 
occupational physical activity) on chronic low back pain may be slow and progressive. As 
such, the temporality effect (time frame of a potential cause and effect) may need to be further 
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explored with longer follow-up periods. In contrast, in Chapter Four, information on chronic 
spinal pain was only reported at baseline and follow-up 10-11 years later, with no information 
on possible changes in symptoms and recurrence during the follow-up period. Consequently, a 
person could have recovered from spinal pain at some time-point between the surveys, but still 
report pain at follow-up. However, if parental pain reflects an underlying heritable frailty, this 
may have an impact also on long-term recurrence and recovery from pain. Likewise, 
information on leisure physical activity and BMI was only assessed at baseline, with no 
information on possible changes on these parameters during the follow-up period. Lastly, the 
limited sample size in our clinical trial presented in Chapters Five and Six prevented us from 
drawing definitive conclusions in regards to the efficacy of the physical activity intervention. 
Nevertheless, this study was a pilot trial and, therefore, it was not powered to detect a difference 
in the clinical outcome of care-seeking behaviour. However, if the effect size of 38% reduction 
in care-seeking (IRR: 0.62, 95% CI: 0.32–1.18) is proven in a full-scale study, this novel model 
of care may be an effective management strategy for patients with chronic low back pain after 
treatment discharge. 
7.4  Implications and suggestions for future research 
The findings of Chapters Two, Three and Four add valuable evidence supporting current 
theories that call attention to the complexity of the relationship between physical activity 
and chronic pain.11 It seems clear that addressing the type and intensity of physical activity 
is essential, as well as considering the individual characteristics of the patient which can be 
defined by either the genetic profile or the environmental influences. These findings 
emphasise the value of considering a tailored approach when managing patients with chronic 
low back pain.  
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Current evidence shows that a range of interventions that follow the biopsychosocial model 
has moderate effects on disability associated with chronic pain.12 Besides, not everyone 
benefits from these interventions, such as cognitive-behavioural therapy (CBT) and 
behaviour therapy, and among those that do, some relapse soon after.12 Contemporary 
theories suggest some reasons for these modest effects,13 including the likelihood that some 
interventions may be effective only for a subgroup of patients.14 Another potential 
explanation concerns patients’ motivation for participating in the intervention,15 suggesting 
that the patient must be an active participant of the intervention, associating intervention 
effectiveness with the patient willingness to participate.  
Consistent with this theory, research clearly shows that not every patient with chronic low 
back pain adheres to guideline-based recommendations, including recommendations for 
being active. Adherence to recommendations has been found to be associated with better 
outcomes.16,17 Thus, there is a good reason to expect that assessing and enhancing patient 
motivation before an intervention should help to reduce the likelihood of management 
failure. Following the idea that motivation is an essential component of behaviour change, 
researchers have developed an approach to clinician-patient interactions that focus on 
increasing patient’s motivation to change.18 This approach is called motivational 
interviewing and has been proved to be effective in helping people to decrease harmful 
behaviours, such as alcohol abuse,19-21 smoking and drug addiction; and to increase healthy 
behaviours, such as engagement in physical activity and weight loss in various populations 
such as diabetes patients and older adults.22-26 Some studies have shown that health coaching 
interventions that use motivational interviewing techniques added to usual care are more 
effective in reducing disability in people with chronic low back pain than usual care 
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alone.26,27 However, the latest published systematic review on health coaching interventions 
for low back pain have concluded that the effectiveness of this approach in chronic low back 
pain patients is uncertain and more clinical trials are needed in this field.28  
Chapters Five and Six of this Thesis describe the design and findings of a pilot clinical trial 
evaluating a multifaceted intervention that aims to change patients’ behaviour (i.e. increase 
physical activity levels) through motivational interviewing and goal setting to improve 
health outcomes. Results of this study show that this intervention is feasible for people with 
chronic low back pain and has the potential to improve healthy behaviours and decrease 
care-seeking through empowering patients to take action and be in charge of their recovery. 
Considering the findings of the studies that constitute this thesis, I suggest some strategies 
to manage chronic low back pain and thoughts for future research outlined in the sections 
below. 
7.4.1 Physical activity as a preventative strategy for chronic low back pain 
Findings of Chapter Two of this thesis highlighted the value of considering the type and 
intensity of physical activity when analysing the relationship between physical activity and 
chronic low back pain. Despite generally consistent guideline recommendations to advise 
people with chronic low back pain to “stay active”, the guidelines do not address the types and 
intensities of physical activity that should be encouraged. Prevention strategies should 
emphasise the promotion of engagement in moderate to vigorous intensity of leisure physical 
activity in this population, primarily through patient-centred behavioural change techniques. 
Tailored approaches that identify activities that are more enjoyable are likely to have higher 
levels of adherence. As we have shown in Chapter Six, this approach might increase 
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participation and adherence in people with chronic low back pain. In contrast, given that some 
physical activities adopted at an occupational setting appear to be harmful to people with 
chronic low back pain, clinicians should consider performing a detailed assessment of an 
individual’s occupational physical activities. Provision of tailored advice on avoiding or 
controlling specific movements such as carrying, lifting heavy weight while inclined or 
adopting awkward postures at work (e.g. bending, twisting, squatting, and kneeling) should be 
emphasised.  
7.4.2 Early family-based interventions 
An acknowledged characteristic of chronic low back pain is that it tends to cluster in 
families.29,30 Chapters Three and Four of this thesis, and a substantial number of twin and 
family studies in the field have indicated that genetics and familial factors are contributing 
factors for chronic low back pain.29-36 A novel strategy warranting evaluation in future research 
is the investigation of management strategies for chronic low back pain that target familial 
factors. For example, research efforts could be put in place to identify and target patients at 
higher risk of developing chronic low back pain based on their family history of chronic spinal 
pain. Additionally, considered the growing evidence suggesting that familial environmental 
factors influence chronic low back pain, such as poor shared lifestyle behaviour (e.g. sedentary 
behaviour and unhealthy diet),34,37 preventive interventions that focus on one 
health/environmental aspect (e.g. engagement in leisure physical activity) later in life, without 
addressing fundamental characteristics of the early family environment, are likely to be 
insufficient to reduce the risk of chronic low back pain. Targeting the family as a way to 
improve lifestyle behaviours (e.g. physical activity, diet, and cognitive coping skills) has been 
proven to be successful in reducing the risk and impact (i.e. daily activity limitations) of chronic 
133
pain (e.g. musculoskeletal pain, abdominal pain and headache) and obesity.38-40 Results of 
studies in these fields highlight the value of family-based interventions that could potentially 
be delivered to patients with chronic low back pain. Interventions of this nature provide an 
innovative and promising approach to reduce the risk of chronic low back pain through lifestyle 
behaviour change.  
7.4.3 Novel approaches to management of chronic low back pain after treatment 
discharge 
Traditional models of care are failing to significantly reduce care-seeking and costs associated 
with the management of chronic low back pain.41-45 Most clinical practice guidelines 
recommend similar approaches for the management of chronic low back pain. 
Recommendations include the use of a biopsychosocial framework to guide management with 
initial non-pharmacological treatment, plus education that supports self-management and 
continuation of routine activities and exercise. Also, physical treatments including graded 
activity or exercise programmes that focus on improving function and prevention of 
deteriorating disability are highly recommended.  Furthermore, psychological programmes 
including cognitive behaviour therapy are advised for those with persistent symptoms.46 
However, while many people improve after treatment, one in five will experience worsening 
of their symptoms and seek additional care.47,48 A possible explanation for this pattern is that 
no health support system is available after treatment discharge, with patients feeling 
unsupported and initiating a long and slow process of functional decline.  
Based on clinical guidelines, as part of the first line of care management patients with chronic 
low back pain are advised to “stay active”.49 However, qualitative studies of patients with 
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chronic low back pain have shown that there is low adherence to leisure physical activity 
following physiotherapy treatment.50 Often people with chronic low back pain will present with 
other comorbidities such as obesity51 and mood disorders or depression.52 Also, this population 
usually has poor lifestyle behaviours, such as unhealthy diet habits and sedentary behaviour 
during leisure time.53 It is arguable that it is not an easy task for this subset of the population 
to follow the common advice to “stay active” when many other factors may be limiting their 
ability and willingness to engage in physical activity. Even though people with chronic low 
back pain may understand the health benefits of leisure physical activity for their condition, 
changing habits is an arduous mission. Health care providers are a crucial element in bridging 
the gap between individuals knowing what needs to change and implementing those lifestyle 
changes. As an attempt to bridge the gap in knowledge on the impact of supporting patients 
following treatment, the IMPACT study reported in Chapters Five and Six of this thesis 
introduced an intervention based on behavioural change designed to increase leisure physical 
activity levels for people with chronic low back pain after discharge from treatment.  
Most health professionals feel competent in treating or caring for the patient and the symptoms 
associated with their condition (e.g. pain levels), but they may be less confident in dealing with 
the promotion of healthy behaviours.54 Giving single advice can provide some effect on minor 
behaviour change, but more than a single advice session will often be needed to help patients 
with chronic low back pain patients to change their lifestyle (e.g. reduce sedentary 
behaviour).55 Increasing evidence suggests that health approaches which focus on behavioural 
change can be a successful tool to achieve better health.56-59 Theories applicable to health 
education and health promotion suggest several methods of behaviour change through concepts 
such as patient knowledge, awareness, intention to perform a given behavior, self-efficacy to 
execute the behavior in question, social influence and many others.60 Based on these theories, 
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several approaches to behaviour change are suggested such as education,61-63 risk 
communication,61,64 modelling,65 goal setting,66 guided practice,65 among others.  
A recent overview of 23 systematic reviews of behaviour change techniques,59 have shown that 
providing knowledge, materials (e.g. informational booklet) and professional support is not 
sufficient for patients to accomplish behaviour change. Health professionals who intend to 
support patients in behaviour change might increase their chances of success using one or more 
of the following strategies: targeting patients awareness using risk communication and self-
monitoring of behaviour, address intention with goal setting, increase social support or increase 
self-efficacy through planning coping responses.59 Moreover, health professionals should 
consider the match between techniques and characteristics of the target group (e.g. chronic low 
back pain) characteristics of the individual (e.g. presence of depressive mood) and the health 
behaviour at hand (e.g. physical activity) to increase the success in achieving behaviour change. 
Also, considering relevant determinants such as the patient’s knowledge levels, awareness, 
motivation, self-efficacy, among others, is more likely to result in a well-chosen behaviour 
change technique.59 Based on the findings of the IMPACT study, a 6-month intervention 
involving health coaching based on behaviour change theory that employs goal setting and 
motivational interviewing is feasible for people with chronic low back pain following discharge 
from treatment and may reduce care-seeking and increase physical activity goal attainment.  
Another key principle in implementing health behaviour change is to make the healthy choice 
(e.g. regular practice of physical activity) achievable. In order to put this into practice, it is 
necessary to address the barriers that individuals face when trying to embrace a particular 
healthy lifestyle. Environmental factors, such as the lack of family support, can present 
challenges for people trying to achieve a lifestyle behaviour change. Since many healthy 
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behaviours start at home, it is essential for primary care professionals to connect and engage 
patients on a personal level and consider the involvement of their families.67  
Implementing health behaviour change approaches can be challenging as the amount of 
information, encouragement and support that can be delivered to individuals during face-to-
face consultations is limited. However, mobile technologies such as mobile phones, portable 
computers and mobile applications have the potential to transform the delivery of health 
messages. These increasingly popular technologies can be used to deliver health messages to 
people anywhere and at the most relevant times. Patients can use online resources at their 
convenience and may be able to reduce their healthcare-related costs. It is possible that mobile 
health interventions may lead to patient empowerment by supporting ownership over their 
health thus encouraging patients to be more proactive about the treatment, maintenance, and 
follow-up of their condition.68 To date, a number of mobile applications have been developed 
to support health behaviour change and self-management of conditions, including chronic low 
back pain. However, the efficacy of those applications and intervention are yet to be evaluated. 
The IMPACT study has attempted to use mobile health technology (e.g. mobile app, activity 
tracker) to support the delivery of a health behaviour change approach, which was well 
accepted by the patients with chronic low back pain after being discharged from conservative 
treatment.  
7.5 Final conclusions 
The findings of the studies reported in this thesis have advanced our understanding of the 
relationship between chronic low back pain and physical activity. There are several significant 
implications and directions for future research that arise from these studies. Leisure and 
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occupational physical activity are likely to have an opposite impact on chronic low back pain. 
Strategies to increase adherence to leisure physical activity, especially after the implementation 
of treatment programs should be emphasised. Informed assessment of risks of occupational 
physical activity should be taken into consideration when providing advice to remain active for 
people with chronic low back pain. Genetic and familial factors should also be considered when 
identifying people at higher risk of developing chronic low back pain. Important future 
considerations for the prevention of chronic low back pain include the investigation of early 
family-based and lifestyle behaviour change interventions targeting physical activity behaviour 
to reduce the incidence and prevalence of chronic low back pain and related disability. Such 
strategies would present an advanced step in a field which urgently requires novel, evidence-
based, cost-effective approaches to minimise the individual and societal burden of chronic low 
back pain. 
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11 July 2016 
 
 
Mr Mark Halliday 
C/- Ms Anita Amorim 
Physiotherapy Department 
CONCORD RGH 
 
 
Dear Mr Halliday, 
 
HREC reference number: HREC/15/LPOOL/24 
SSA reference number: SSA/16/CRGH/96   (CH62/6/2016-074) 
Project title: Integrating Mobile-health and Physical Activity to reduce the burden of 
Chronic low back pain Trial 
(IMPACT study) 
 
Thank you for submitting an application for authorisation of this project.  
 
I am pleased to inform you that the delegate of the Chief Executive has granted 
authorisation for this study to take place at the following site: 
 
Concord Repatriation General Hospital 
 
The participant documents approved for use at this site are: 
  
CRGH Participant Information Sheet Version 1.0 dated 1/07/2016 based on Master 
Version 1.2 dated 13/05/2016 
CRGH Consent Form Version 1.2 dated 9/03/2016 
 
The following conditions apply to this research project. These are additional to those 
conditions imposed by the Human Research Ethics Committee that granted ethical 
approval: 
 
1. Proposed amendments to the research protocol or conduct of the research 
which may affect the ethical acceptability of the project, and which are 
submitted to the lead HREC for review, are copied to this office. 
 
2. Proposed amendments to the research protocol or conduct of the research 
which may affect the ongoing site acceptability of the project, are to be 
submitted to this office. 
3. Please note that you are responsible for making the necessary arrangements 
(eg identity pass) for any researcher who is not employed by the Sydney 
Local Health District and is conducting the research on-site at CRGH. 
 
Contact: Research Office 
  Concord Repatriation General Hospital (CRGH) 
  Building 20, Hospital Road 
  Concord NSW  2139 
  Telephone: (02) 9767 5622       
  Email: Virginia.Turner@sswahs.nsw.gov.au 
Our Ref: (SSA Authorisation 16/CRGH/96) 
 
 
 
 
CONCORD 
REPATRIATION GENERAL 
HOSPITAL 
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4. Where appropriate, I recommend that you consult with your Medical Defence
Union to ensure that you are adequately covered for the purposes of
conducting this study.
5. Site approval is granted on the assumption that all students and early career
researchers are adequately supervised by the principal and senior
investigators on a project.  This supervision would ensure that all privacy
concerns are met (including the completion of confidentiality agreements by
participating students) and that both students and participants are supported
in the conduct of the study in line with the approved research protocol.
Yours sincerely, 
Deb Shearer 
Research Officer 
Research Office  
Concord Repatriation General Hospital 
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APPENDIX TWO 
IMPACT study participant information and consent forms* 
*Documents used for site recruitment including one sample of the participant information and
consent forms from the Liverpool Hospital as representative of the forms used to recruit 
participants from the hospital sites. And one sample of the participant information and consent 
forms from the University of Sydney, as a representative of the forms used to recruit 
participants from the general community. 
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Participant Information Sheet 
Interventional Study - Adult providing own consent 
LIVERPOOL HOSPITAL 
Title 
Integrating Mobile-health and Physical Activity to reduce 
the burden of Chronic low back pain Trial   
re Short Title IMPACT
Protocol Number ACTRN12615000189527 
Project Sponsor The University of Sydney  
Coordinating Principal 
Investigator/ Principal Investigator 
Anita Amorim/ 
Dr. Paulo Ferreira 
Associate Investigator(s) Dr. Milena Simic, Dr. Evangelos Pappas, Manuela 
Ferreira, Dr. Anne Tiedemann, Matthew Jennings. 
Location Liverpool Hospital  
Part 1 What does my participation involve? 
1 Introduction 
You are invited to take part in this research project. This is because you have chronic low back 
pain.  The research project is testing a new intervention for chronic low back pain.  The new 
intervention is called IMPACT. 
This Participant Information Sheet tells you about the research project. It explains the tests and 
treatments involved. Knowing what is involved will help you decide if you want to take part in the 
research. 
Please read this information carefully. Ask questions about anything that you don’t understand 
or want to know more about. Before deciding whether or not to take part, you might want to talk 
about it with a relative, friend or your local doctor. 
Participation in this research is voluntary. If you don’t wish to take part, you don’t have to. You 
will receive the best possible care whether or not you take part. 
If you decide you want to take part in the research project, you will be asked to sign the consent 
section. By signing it you are telling us that you: 
• Understand what you have read
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• Consent to take part in the research project
• Consent to have the tests and treatments that are described
• Consent to the use of your personal and health information as described.
You will be given a copy of this Participant Information Sheet to keep. 
2 What is the purpose of this research? 
 Recurrent low back pain is a costly and disabling condition being one of the most significant 
public health problems.  Research suggests that physical activity helps to control pain in people 
who experience long term or recurrent episodes of low back pain.  
Although studies investigating the efficacy of conservative interventions for chronic LBP have 
found improvements in pain and disability associated with interventions, but patients exhibit a 
rapid decline in clinical outcomes after treatment discharge. These patients are likely to have 
recurrences of LBP and therefore seek additional care and costly, invasive procedures such as 
spinal surgery. 
The purpose of this study is to help people with chronic low back pain after treatment discharge 
to get back to leading an active, productive, and happy life.  Best practice clinical guidelines 
indicate that people who experience recurrent low back pain may benefit from a long term 
program of physical activity.  
This is a program looking into the benefits of a patient-centred physical activity intervention 
supported by mobile-health technology (tailored physical activity plan, feedback from affordable 
activity monitors and health coaching with a focus on increasing overall physical activity) to 
avoid unnecessary spinal surgery, reduce recurrence, and care seeking in people with chronic 
low back pain. 
If effective this new model of care has the potential to be implemented in chronic conditions that 
would benefit from maintaining levels of leisure physical activity on seeking care. 
This patient-centred physical activity intervention supported by mobile-health technology is an 
experimental post-treatment intervention. This means that it is not an approved post-treatment 
intervention for chronic low back pain in Australia. 
The results of this research will be used by the study doctor Anita Amorim to obtain a doctorate 
degree (PhD). 
This research has been funded by Medibank Health Research Funding. 
3 What does participation in this research involve? 
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First, you will be screened for eligibility by your physiotherapist. If you are eligible and if you 
agree in participate, you will be asked to sign the consent form. At the beginning of the study 
you will be randomly allocated to a group. There are two groups; one group will receive the 
usual post-treatment physical activity advice. The other group will also receive this patient-
centred physical activity intervention supported by mobile-health technology. 
After hospital discharge, the assessor will collect the data (throughout the questionnaires) 
related to the study outcomes. Next, a WebApp will be downloaded on your Smartphone or 
tablet for weekly data collection.  Lastly, a Actigraph will be given to you with replied paid 
envelops which you will have to send back to the research team after wearing it for 7 days. The 
Actigraph and all the questionnaires will also be administered at the end of the 6 month study 
intervention and at 6 months follow-up (i.e. 12 months after randomisation). Primary outcomes 
will also be collected weekly over a period of 6 months of intervention throughout the mobile 
WebApp where the participants will record any care seeking, pain and disability.  
You will be participating in a randomised controlled research project. Sometimes we do not 
know which treatment is best for treating a condition. To find out we need to compare different 
treatments. We put people into groups and give each group a different treatment. The results 
are compared to see if one is better. To try to make sure the groups are the same, each 
participant is put into a group by chance (random). 
There are no additional costs associated with participating in this research project, nor will you 
be paid. All devices, health coach and activity plan required as part of the research project will 
be provided to you free of charge. 
It is desirable that your local doctor be advised of your decision to participate in this research 
project. If you have a local doctor, we strongly recommend that you inform them of your 
participation in this research project. 
4 What do I have to do? 
If you are randomly allocated to the Mobile Health Group then you are required to download the 
study's WebApp on your Smartphone or tablet, to wear a FitBit device and to set physical 
activity goals with the Health Coach. You will be provided with clear set of instructions in how to 
manage the WebApp and the FitBit. You will receive fortnightly phone call as a progress 
evaluation with your Health Coach. At the conclusion of the study you will be required to return 
the FitBit device to the study team. If you are randomly allocated to the Advice Group then no 
additional time involvement, you will only receive an advice booklet regarding physical activity. 
5 Other relevant information about the research project 
This is a pilot study and will involve 68 people with chronic low back pain from the outpatient 
physiotherapy department. The study lasts 6 months of intervention and more six months of 
follow up.   
6 Do I have to take part in this research project? 
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 Participation in any research project is voluntary. If you do not wish to take part, you do not have 
to. If you decide to take part and later change your mind, you are free to withdraw from the 
project at any stage. 
 
If you do decide to take part, you will be given a Consent Form to sign and you will be given a 
copy of this sheet to keep. 
 
Your decision whether to take part or not to take part, or to take part and then withdraw, will not 
affect your routine treatment, your relationship with those treating you or your relationship with 
The Liverpool Hospital.  
 
  
7 What are the alternatives to participation?  
  
You do not have to take part in this research project to receive treatment at this hospital.  Other 
options are available. Your study doctor will discuss these options with you before you decide 
whether or not to take part in this research project.  You can also discuss the options with your 
local doctor. 
 
 
8 What are the possible benefits of taking part? 
 
We cannot guarantee or promise that you will receive any benefits from this research; however, 
possible benefits may include reduced symptoms and care seeking in people with chronic low 
back pain.  
 
 
 There will be no clear benefit to you from your participation in this research. 
 
 
9 What are the possible risks and disadvantages of taking part? 
 
 
This intervention can cause usual risks associated with engagement in physical activity. Rarely, 
heart problems occur as a result of physical activity. Examples of these problems 
include arrhythmias, sudden cardiac arrest, and heart attack. These events generally happen to 
people who already have heart conditions.  
 
The risk of heart problems due to physical activity is higher for youth and young adults who 
have congenital heart problems. The term “congenital” means the heart problem has been 
present since birth.Congenital heart problems include hypertrophic cardiomyopathy,  congenital 
heart defects, and myocarditis. People who have these conditions should ask their doctors what 
types of physical activity are safe for them. 
 
For middle-aged and older adults, the risk of heart problems due to physical activity is related 
to coronary heart disease (CHD). People who have CHD are more likely to have a heart attack 
when they're exercising vigorously than when they're not. 
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The risk of heart problems due to physical activity is related to your fitness level and the 
intensity of the activity you're doing. For example, someone who isn't physically fit is at higher 
risk for a heart attack during vigorous activity than a person who is physically fit. 
 
If you have a heart problem or chronic (ongoing) disease—such as heart disease, diabetes, or 
high blood pressure—ask your doctor what types of physical activity are safe for you. You also 
should talk with your doctor about safe physical activities if you have symptoms such as chest 
pain or dizziness. 
 
At the Study you will jointly discuss ways that you can slowly and safely build physical activity 
into your daily routine with the health coach.  
 
 
10 What will happen to my test samples? 
 
By providing your consent, you are agreeing to us collecting personal information about you for 
the purposes of this research study. Your information will only be used for the purposes outlined 
in this Participant Information Statement, unless you consent otherwise. 
 
Information will be stored securely and your identity/information will be kept strictly confidential, 
except as required by law. Study findings may be published, but you will not be individually 
identifiable in these publications. 
 
 
11 What if new information arises during this research project? 
 
Sometimes during the course of a research project, new information becomes available about 
the treatment that is being studied. If this happens, your study doctor will tell you about it and 
discuss with you whether you want to continue in the research project. If you decide to 
withdraw, your study doctor will make arrangements for your regular health care to continue. If 
you decide to continue in the research project you will be asked to sign an updated consent 
form. 
 
Also, on receiving new information, your study doctor might consider it to be in your best 
interests to withdraw you from the research project. If this happens, he/ she will explain the 
reasons and arrange for your regular health care to continue. 
 
 
12 Can I have other treatments during this research project? 
 
Whilst you are participating in this research project, you may not be able to take some or all of 
the medications or treatments you have been taking for your condition or for other reasons. It is 
important to tell your study doctor and the study staff about any treatments or medications you 
may be taking, including over-the-counter medications, vitamins or herbal remedies, 
acupuncture or other alternative treatments. You should also tell your study doctor about any 
changes to these during your participation in the research project. Your study doctor should also 
explain to you which treatments or medications need to be stopped for the time you are involved 
in the research project. 
 
163
 
13 What if I withdraw from this research project? 
 
If you decide to withdraw from the project, please notify a member of the research team before 
you withdraw. This notice will allow that person or the research supervisor to discuss any health 
risks or special requirements linked to withdrawing. 
If you do withdraw your consent during the research project, the study doctor and relevant study 
staff will not collect additional personal information from you, although personal information 
already collected will be retained to ensure that the results of the research project can be 
measured properly and to comply with law. You should be aware that data collected by the 
sponsor up to the time you withdraw will form part of the research project results.  If you do not 
want them to do this, you must tell them before you join the research project. 
 
 
14 Could this research project be stopped unexpectedly? 
  
This research project have no reasons to be stopped unexpectedly.   
 
 
15 What happens when the research project ends? 
 
At the end of the research process a summary of the result will be sent to you if you wish. 
We expect to have the summary complete by the end of 2016.  
  
  
 
  
Part 2 How is the research project being conducted? 
 
 
16 What will happen to information about me? 
 
By signing the consent form you consent to the study assessor and relevant research staff 
collecting and using personal information about you for the research project. Any information 
obtained in connection with this research project that can identify you will remain confidential.  
 
Information will be recorded in identifiable and re-identifiable form. This means the research 
team will keep the consent form with your signature and your details and also two separate data 
files, one with your details and a unique study code, and another file with only your study code. 
The file with both your details and unique study code will not contain any other study data. The 
file with only your unique study code will contain study data collected for analysis. We will store 
your information in this way to allow for follow-up research at a later date. Any data collected for 
this study will be kept at The University of Sydney. All hard copies of assessments and other 
information collected will be stored in a locked drawer at The University of Sydney for 20 years 
before being destroyed. Only study researchers associated with this study will have access to 
the data collected. Destruction of the data will comply with University of Sydney Data 
management policies. This study does not involve the establishment of a databank. By signing 
the consent form you consent to the research team collecting and using personal information 
about you for the research project. Any information obtained in connection with this research 
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project that can identify you will remain confidential. Your information will only be used for the 
purpose of this research project and it will only be disclosed with your permission, except as 
required by law. 
 
  
Your health records and any information obtained during the research project are subject to 
inspection (for the purpose of verifying the procedures and the data) by the relevant authorities 
and authorised representatives of the Sponsor, The University of Sydney, the institution relevant 
to this Participant Information Sheet, The Liverpool Hospital, or as required by law. By signing 
the Consent Form, you authorise release of, or access to, this confidential information to the 
relevant study personnel and regulatory authorities as noted above.  
 
It is anticipated that the results of this research project will be published and/or presented in a 
variety of forums. In any publication and/or presentation, information will be provided in such a 
way that you cannot be identified, except with your express permission. Only aggregated data 
will be presented in any publication or other presentation. No personally identifying information 
will be used in any publication or presentation. 
 
In accordance with relevant Australian and NSW privacy and other relevant laws, you have the 
right to request access to your information collected and stored by the research team. You also 
have the right to request that any information with which you disagree be corrected. Please 
contact the study team member named at the end of this document if you would like to access 
your information. 
 
Any information obtained for the purpose of this research project that can identify you will be 
treated as confidential and securely stored.  It will be disclosed only with your permission, or as 
required by law. 
 
 
17 Complaints and compensation 
 
If you suffer any injuries or complications as a result of this research project, you should contact 
the study team as soon as possible and you will be assisted with arranging appropriate medical 
treatment. If you are eligible for Medicare, you can receive any medical treatment required to 
treat the injury or complication, free of charge, as a public patient in any Australian public 
hospital. 
 
In the event of loss or injury, you should contact the research team as soon as possible. You will 
be assisted with arranging appropriate treatment and support. 
 
 
18 Who is organising and funding the research? 
 
This research project is being conducted by The University of Sydney and funded by Medibank 
Health Research Funding. 
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19 Who has reviewed the research project? 
   
All research in Australia involving humans is reviewed by an independent group of people called 
a Human Research Ethics Committee (HREC).  The ethical aspects of this research project 
have been approved by the HREC of Liverpool Hospital.  
 
This project will be carried out according to the National Statement on Ethical Conduct in 
Human Research (2007). This statement has been developed to protect the interests of people 
who agree to participate in human research studies. 
 
 
20 Further information and who to contact 
 
The person you may need to contact will depend on the nature of your query.  
 
If you want any further information concerning this project or if you have any medical problems 
which may be related to your involvement in the project (for example, any side effects), you can 
contact the principal study researcher on 0401399572 or any of the following people: 
 
 Clinical contact person 
 
For matters relating to research at the site at which you are participating, the details of the local 
site complaints person are: 
 
Reviewing HREC approving this research and HREC Executive Officer details 
This study has been approved by the South Western Sydney Local Health District Human 
Research Ethics Committee. Any person with concerns or complaints about the conduct of 
this study should contact the Ethics and Research Governance Office, Locked Bag 7279, 
LIVERPOOL BC, NSW, 1871 on 02 8738 8304, fax 02 8738 8310, email 
research.support@sswahs.nsw.gov.au, website: 
http://www.sswahs.nsw.gov.au/swslhd/ethics/default.html and quote [15/015]. 
 
Thank you for taking the time to consider this study.  
If you wish to take part in it, please sign the attached consent form. 
This information sheet is for you to keep. 
 
Name Anita Amorim 
Position Principal researcher  
Telephone 0401 399 572 
Email abar3926@uni.sydney.edu.au  
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LIVERPOOL HOSPITAL 
 
CONSENT FORM  
 
 
Integrating Mobile health and Physical Activity to reduce the burden 
of Chronic low back pain Trial (IMPACT) 
 
1. I,................................................................................................................. 
of................................................................................................................  
agree to participate in the study described in the participant information 
statement attached to this form.  
 
2. I acknowledge that I have read the participant information statement, which 
explains why I have been selected, the aims of the study and the nature and 
the possible risks of the investigation, and the statement has been explained 
to me to my satisfaction.  
 
3. Before signing this consent form, I have been given the opportunity of asking 
any questions relating to any possible physical and mental harm I might suffer 
as a result of my participation and I have received satisfactory answers.  
 
4. I understand that I can withdraw from the study at any time without prejudice 
to my relationship with the Liverpool Hospital. 
  
5. I agree that research data gathered from the results of the study may be 
published, provided that I cannot be identified.  
 
6. I understand that if I have any questions relating to my participation in this 
research, I may contact Dr ............................on telephone................., who will 
be happy to answer them.  
 
7. I understand that if I am allocated to the Mobile Health Group, I will have to 
return the activity monitor (FitBit) to the research team after the intervention.  
 
8. I acknowledge receipt of a copy of this Consent Form and the Participant 
Information Statement.  
 
_________________________ _______________________ _______________  
Signature of participant Please PRINT name Date  
 
_________________________ _______________________ _______________  
Signature of witness Please PRINT name Date  
 
_________________________ _______________________ _______________  
Signature of investigator (if applicable) Please PRINT name Date  
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Discipline of Physiotherapy 
Faculty of Health Sciences 
  ABN 15 211 513 464 
 Dr Paulo Ferreira 
PhD 
Room 101 
N block 
The University of Sydney 
NSW 2006 AUSTRALIA 
Telephone:   +61 2 9351 9397 
Facsimile:    +61 2 9351 9601 
Email: paulo.ferreira@sydney.edu.au 
Web:   http://www.sydney.edu.au/ 
    Integrating Mobile-health and Physical Activity to reduce the burden of Chronic low back pain Trial 
(IMPACT) 
PARTICIPANT INFORMATION STATEMENT 
Part 1 What does my participation involve? 
1 Introduction 
You are invited to take part in this research project. This is because you have chronic low back pain.  The 
research project is testing a new intervention for chronic low back pain.  The new intervention is called 
IMPACT. 
This Participant Information Sheet tells you about the research project. It explains the tests and 
treatments involved. Knowing what is involved will help you decide if you want to take part in the 
research. 
Please read this information carefully. Ask questions about anything that you don’t understand or want 
to know more about. Before deciding whether or not to take part, you might want to talk about it with a 
relative, friend or your local doctor. 
Participation in this research is voluntary. If you don’t wish to take part, you don’t have to. You will 
receive the best possible care whether or not you take part. 
If you decide you want to take part in the research project, you will be asked to sign the consent section. 
By signing it you are telling us that you: 
• Understand what you have read
• Consent to take part in the research project
• Consent to have the tests and treatments that are described
• Consent to the use of your personal and health information as described.
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You will be given a copy of this Participant Information Sheet to keep. 
 
2  What is the purpose of this research? 
 
 Recurrent low back pain is a costly and disabling condition being one of the most significant public 
health problems.  Research suggests that physical activity helps to control pain in people who 
experience long term or recurrent episodes of low back pain.  
 
Although studies investigating the efficacy of conservative interventions for chronic LBP have found 
improvements in pain and disability associated with interventions, but patients exhibit a rapid decline in 
clinical outcomes after treatment discharge. These patients are likely to have recurrences of LBP and 
therefore seek additional care and costly, invasive procedures such as spinal surgery. 
 
The purpose of this study is to help people with chronic low back pain after treatment discharge to get 
back to leading an active, productive, and happy life.  Best practice clinical guidelines indicate that 
people who experience recurrent low back pain may benefit from a long term program of physical 
activity.  
 
This is a program looking into the benefits of a patient-centred physical activity intervention supported 
by mobile-health technology (tailored physical activity plan, feedback from affordable activity monitors 
and health coaching with a focus on increasing overall physical activity) to avoid unnecessary spinal 
surgery, reduce recurrence, and care seeking in people with chronic low back pain. 
 
If effective this new model of care has the potential to be implemented in chronic conditions that would 
benefit from maintaining levels of leisure physical activity on seeking care. 
 
This patient-centred physical activity intervention supported by mobile-health technology is an 
experimental post-treatment intervention. This means that it is not an approved post-treatment 
intervention for chronic low back pain in Australia. 
 
The results of this research will be used by the study doctor Anita Amorim to obtain a doctorate degree 
(PhD). 
 
This research has been funded by Medibank Health Research Funding.  
 
3 What does participation in this research involve? 
 
First, you will be screened for eligibility by your physiotherapist. If you are eligible and if you agree in 
participate, you will be asked to sign the consent form. At the beginning of the study you will be 
randomly allocated to a group. There are two groups; one group will receive the usual post-treatment 
physical activity advice. The other group will also receive this patient-centred physical activity 
intervention supported by mobile-health technology. 
After hospital discharge, the assessor will collect the data (throughout the questionnaires) related to the 
study outcomes. Next, a WebApp will be downloaded on your Smartphone or tablet for weekly data 
collection.  Lastly, a Actigraph will be given to you with replied paid envelops which you will have to 
send back to the research team after wearing it for 7 days. The Actigraph and all the questionnaires will 
also be administered at the end of the 6 month study intervention and at 6 months follow-up (i.e. 12 
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months after randomisation). Primary outcomes will also be collected weekly over a period of 6 months 
of intervention throughout the mobile WebApp where the participants will record any care seeking, pain 
and disability.  
You will be participating in a randomised controlled research project. Sometimes we do not know which 
treatment is best for treating a condition. To find out we need to compare different treatments. We put 
people into groups and give each group a different treatment. The results are compared to see if one is 
better. To try to make sure the groups are the same, each participant is put into a group by chance 
(random). 
There are no additional costs associated with participating in this research project, nor will you be paid. 
All devices, health coach and activity plan required as part of the research project will be provided to 
you free of charge. 
It is desirable that your local doctor be advised of your decision to participate in this research project. If 
you have a local doctor, we strongly recommend that you inform them of your participation in this 
research project. 
4 What do I have to do? 
If you are randomly allocated to the Mobile Health Group then you are required to download the study's 
WebApp on your Smartphone or tablet, to wear a FitBit device and to set physical activity goals with the 
Health Coach. You will be provided with clear set of instructions in how to manage the WebApp and the 
FitBit. You will receive fortnightly phone call as a progress evaluation with your Health Coach. At the 
conclusion of the study you will be required to return the FitBit device to the study team. If you are 
randomly allocated to the Advice Group then no additional time involvement, you will only receive an 
advice booklet regarding physical activity. 
5 Other relevant information about the research project 
This is a pilot study and will involve 68 people with chronic low back pain from the outpatient 
physiotherapy department. The study lasts 6 months of intervention and more six months of follow up.  
6 Do I have to take part in this research project? 
Participation in any research project is voluntary. If you do not wish to take part, you do not have to. If 
you decide to take part and later change your mind, you are free to withdraw from the project at any 
stage. 
If you do decide to take part, you will be given a Consent Form to sign and you will be given a copy of 
this sheet to keep. 
Your decision whether to take part or not to take part, or to take part and then withdraw, will not affect 
your routine treatment, your relationship with those treating you or your relationship with The 
Westmead Hospital. 
7 What are the alternatives to participation? 
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You do not have to take part in this research project to receive treatment at this hospital.  Other options 
are available. Your study doctor will discuss these options with you before you decide whether or not to 
take part in this research project.  You can also discuss the options with your local doctor. 
 
8 What are the possible benefits of taking part? 
 
We cannot guarantee or promise that you will receive any benefits from this research; however, 
possible benefits may include reduced symptoms and care seeking in people with chronic low back pain.  
 
 There will be no clear benefit to you from your participation in this research. 
 
9 What are the possible risks and disadvantages of taking part? 
 
This intervention can cause usual risks associated with engagement in physical activity. Rarely, heart 
problems occur as a result of physical activity. Examples of these problems include arrhythmias, sudden 
cardiac arrest, and heart attack. These events generally happen to people who already have heart 
conditions.  
 
The risk of heart problems due to physical activity is higher for youth and young adults who have 
congenital heart problems. The term “congenital” means the heart problem has been present since 
birth.Congenital heart problems include hypertrophic cardiomyopathy, congenital heart defects, 
and myocarditis. People who have these conditions should ask their doctors what types of physical 
activity are safe for them. 
 
For middle-aged and older adults, the risk of heart problems due to physical activity is related 
to coronary heart disease (CHD). People who have CHD are more likely to have a heart attack when 
they're exercising vigorously than when they're not. 
The risk of heart problems due to physical activity is related to your fitness level and the intensity of the 
activity you're doing. For example, someone who isn't physically fit is at higher risk for a heart attack 
during vigorous activity than a person who is physically fit. 
 
If you have a heart problem or chronic (ongoing) disease—such as heart disease, diabetes, or high blood 
pressure—ask your doctor what types of physical activity are safe for you. You also should talk with your 
doctor about safe physical activities if you have symptoms such as chest pain or dizziness. 
 
At the Study you will jointly discuss ways that you can slowly and safely build physical activity into your 
daily routine with the health coach.  
 
10 What will happen to my test samples? 
 
By providing your consent, you are agreeing to us collecting personal information about you for the 
purposes of this research study. Your information will only be used for the purposes outlined in this 
Participant Information Statement, unless you consent otherwise. 
 
Information will be stored securely and your identity/information will be kept strictly confidential, 
except as required by law. Study findings may be published, but you will not be individually identifiable 
in these publications. 
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11 What if new information arises during this research project? 
Sometimes during the course of a research project, new information becomes available about the 
treatment that is being studied. If this happens, your study doctor will tell you about it and discuss with 
you whether you want to continue in the research project. If you decide to withdraw, your study doctor 
will make arrangements for your regular health care to continue. If you decide to continue in the 
research project you will be asked to sign an updated consent form. 
Also, on receiving new information, your study doctor might consider it to be in your best interests to 
withdraw you from the research project. If this happens, he/ she will explain the reasons and arrange for 
your regular health care to continue. 
12 Can I have other treatments during this research project? 
Whilst you are participating in this research project, you may not be able to take some or all of the 
medications or treatments you have been taking for your condition or for other reasons. It is important 
to tell your study doctor and the study staff about any treatments or medications you may be taking, 
including over-the-counter medications, vitamins or herbal remedies, acupuncture or other alternative 
treatments. You should also tell your study doctor about any changes to these during your participation 
in the research project. Your study doctor should also explain to you which treatments or medications 
need to be stopped for the time you are involved in the research project. 
13 What if I withdraw from this research project? 
If you decide to withdraw from the project, please notify a member of the research team before you 
withdraw. This notice will allow that person or the research supervisor to discuss any health risks or 
special requirements linked to withdrawing. 
If you do withdraw your consent during the research project, the study doctor and relevant study staff 
will not collect additional personal information from you, although personal information already 
collected will be retained to ensure that the results of the research project can be measured properly 
and to comply with law. You should be aware that data collected by the sponsor up to the time you 
withdraw will form part of the research project results.  If you do not want them to do this, you must tell 
them before you join the research project. 
14 Could this research project be stopped unexpectedly? 
This research project have no reasons to be stopped unexpectedly. 
15 What happens when the research project ends? 
At the end of the research process a summary of the result will be sent to you if you wish. We expect to 
have the summary complete by the end of 2017.  
Part 2 How is the research project being conducted? 
16 What will happen to information about me? 
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By signing the consent form you consent to the study assessor and relevant research staff collecting and 
using personal information about you for the research project. Any information obtained in connection 
with this research project that can identify you will remain confidential.  
Information will be recorded in identifiable and re-identifiable form. This means the research team will 
keep the consent form with your signature and your details and also two separate data files, one with 
your details and a unique study code, and another file with only your study code. The file with both your 
details and unique study code will not contain any other study data. The file with only your unique study 
code will contain study data collected for analysis. We will store your information in this way to allow for 
follow-up research at a later date. Any data collected for this study will be kept at The University of 
Sydney. All hard copies of assessments and other information collected will be stored in a locked drawer 
at The University of Sydney for 20 years before being destroyed.  Only study researchers associated with 
this study will have access to the data collected. Destruction of the data will comply with University of 
Sydney Data management policies. This study does not involve the establishment of a databank. By 
signing the consent form you consent to the research team collecting and using personal information 
about you for the research project. Any information obtained in connection with this research project 
that can identify you will remain confidential. Your information will only be used for the purpose of this 
research project and it will only be disclosed with your permission, except as required by law. 
Your health records and any information obtained during the research project are subject to inspection 
(for the purpose of verifying the procedures and the data) by the relevant authorities and authorised 
representatives of the Sponsor, The University of Sydney the institution relevant to this Participant 
Information Sheet, The Westmead Hospital or as required by law. By signing the Consent Form, you 
authorise release of, or access to, this confidential information to the relevant study personnel and 
regulatory authorities as noted above.  
It is anticipated that the results of this research project will be published and/or presented in a 
variety of forums. In any publication and/or presentation, information will be provided in such a 
way that you cannot be identified, except with your express permission. Only aggregated data 
will be presented in any publication or other presentation. No personally identifying information 
will be used in any publication or presentation. 
In accordance with relevant Australian and NSW privacy and other relevant laws, you have the right to 
request access to your information collected and stored by the research team. You also have the right to 
request that any information with which you disagree be corrected. Please contact the study team 
member named at the end of this document if you would like to access your information. 
Any information obtained for the purpose of this research project that can identify you will be treated as 
confidential and securely stored.  It will be disclosed only with your permission, or as required by law. 
17 Complaints and compensation 
If you suffer any injuries or complications as a result of this research project, you should contact the 
study team as soon as possible and you will be assisted with arranging appropriate medical treatment. If 
you are eligible for Medicare, you can receive any medical treatment required to treat the injury or 
complication, free of charge, as a public patient in any Australian public hospital. 
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In the event of loss or injury, you should contact the research team as soon as possible. You will be 
assisted with arranging appropriate treatment and support. 
 
18 Who is organising and funding the research? 
 
This research project is being conducted by The University of Sydney and funded by Medibank Health 
Research Funding. 
 
19 Who has reviewed the research project? 
   
All research in Australia involving humans is reviewed by an independent group of people called a 
Human Research Ethics Committee (HREC).  The ethical aspects of this research project have been 
approved by the HREC of Westmead Hospital.  
 
This project will be carried out according to the National Statement on Ethical Conduct in Human 
Research (2007). This statement has been developed to protect the interests of people who agree to 
participate in human research studies. 
 
20 Further information and who to contact 
 
The person you may need to contact will depend on the nature of your query.  
 
If you want any further information concerning this project or if you have any medical problems which 
may be related to your involvement in the project (for example, any side effects), you can contact the 
principal study researcher on 0401399572 or any of the following people: 
 
Clinical contact person 
 
 
For matters relating to research at the site at which you are participating, the details of the local site 
complaints person are: 
 
Reviewing HREC approving this research and HREC Executive Officer details 
This study has been approved by the South Western Sydney Local Health District Human Research Ethics 
Committee. Any person with concerns or complaints about the conduct of this study should contact the 
Ethics and Research Governance Office, Locked Bag 7279, LIVERPOOL BC, NSW, 1871 on 02 8738 8304, 
fax 02 8738 8310, email research.support@sswahs.nsw.gov.au, website: 
http://www.sswahs.nsw.gov.au/swslhd/ethics/default.html and quote HREC/15/LPOOL/24.  
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached consent form. 
This information sheet is for you to keep. 
 
Name Anita Amorim 
Position Principal researcher  
Telephone 0401 399 572 
Email abar3926@uni.sydney.edu.au  
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Discipline of Physiotherapy 
Faculty of Health Sciences 
  ABN 15 211 513 464 
 Dr Paulo Ferreira 
PhD 
Room 101 
N block 
The University of Sydney 
NSW 2006 AUSTRALIA 
Telephone:   +61 2 9351 9397 
Facsimile:    +61 2 9351 9601 
Email: paulo.ferreira@sydney.edu.au 
Web:   http://www.sydney.edu.au/ 
Integrating Mobile-health and Physical Activity to reduce the burden of Chronic low back pain Trial (IMPACT) 
PARTICIPANT CONSENT FORM 
1. I, ................................................................................... [PRINT NAME], agree to participate in the
study described in the participant information statement attached to this form. 
2. I acknowledge that I have read the participant information statement, which explains why I have
been selected, the aims of the study and the nature and the possible risks of the investigation, and the 
statement has been explained to me to my satisfaction.  
3. Before signing this consent form, I have been given the opportunity of asking any questions
relating to any possible physical and mental harm I might suffer as a result of my participation and I have 
received satisfactory answers.  
4. I understand that I can withdraw from the study at any time without prejudice to my
relationship with the Westmead Hospital. 
5. I agree that research data gathered from the results of the study may be published, provided
that I cannot be identified. 
6. I understand that if I have any questions relating to my participation in this research, I may
contact Anita Amorim on telephone 0401 399 572, who will be happy to answer them. 
7. I understand that if I am allocated to the Mobile Health Group, I will have to return the activity
monitor (FitBit) to the research team after the intervention. 
8. I acknowledge receipt of a copy of this Consent Form and the Participant Information
Statement. 
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_________________________ _______________________ _______________  
Signature of participant Please PRINT name                              Date  
 
_________________________ _______________________ _______________  
Signature of witness Please PRINT name                                     Date  
 
_________________________ _______________________ _______________  
Signature of investigator (if applicable) 
176
APPENDIX THREE 
Questionnaires used in the IMPACT study 
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IMPACT questionnaire 
1) Identification
Name: ___________________________________ 
What is your date of birth? ______________ Age _____________ Years______________ 
Mobile Phone: ________________________________ 
What is your gender?  Male    Female  
2) Anthropometrics and demographics Measurement
Weight: _______ Kg Height: _________ M  BMI: __________ Kg/ 
Marital Status:  Single    Married      Divorced    Widowed  
Education Level: Elementary degree       High School    Graduate     Postgraduate  
Smoking Status:      Never smoked      Occasional smoker     Former smoker    Current Smoker  
Alcohol consumption:  Abstainer   Light   Moderate    Heavy  
3) Medical History Questionnaire
Present Medical History 
Check those questions to which you answer yes (leave the others blank). 
 Has a doctor ever said your blood pressure was too high? 
 Do you ever have pain in your chest or heart? 
 Are you often bothered by a thumping of the heart? 
 Does your heart often race? 
 Do you ever notice extra heartbeats or skipped beats? 
 Has a doctor ever said that you have or have had heart trouble, an abnormal 
electrocardiogram (ECG or EKG), heart attack or coronary? 
 Do you often have difficulty breathing? 
 Do you get out of breath long before anyone else? 
 Do you sometimes get out of breath when sitting still or sleeping? 
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 Has a doctor ever told you that you have an abdominal aortic aneurysm? 
 Has a doctor ever told you that you have critical aortic stenosis? 
Comments:  __________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
Do you now have or have you recently experienced: 
 Increased anxiety or depression? 
 Insomnia? 
 Migraine or recurrent headaches? 
 Swollen or painful knees or ankles? 
 Swollen, stiff or painful joints? 
 Pain in your legs after walking short distances? 
 Back problems? If yes _______________________ 
 Back surgery? If yes ________________________ 
 Significant unexplained weight loss? 
 A hernia that is causing symptoms? 
Comments:  __________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
List any prescription medications you are now taking for:  
Pain_________________ 
Depression________________ 
Sleep_________________ 
Cardiovascular Disease _________________ 
Diabetes_________________ 
Any other disease? What? __________________ Prescription Medication_____________________ 
Past Medical History 
Check those questions to which your answer is yes (leave others blank). 
 Heart attack if so, how many years ago? ________ 
 Rheumatic Fever 
 Heart murmur 
 Diseases of the arteries 
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 Arthritis of legs or arms 
 Diabetes or abnormal blood-sugar tests 
 Stroke 
 Nervous or emotional problems 
 Anemia 
 Pneumonia 
 Bronchitis 
 Asthma 
 Abnormal chest X-ray 
 Other lung disease 
 Injuries to back, arms, legs or joint 
 Broken bones 
 Others? ____________________________ 
Comments:  __________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
 ___________________________________________________________________________________ 
4) Pain  and disability Measurement
Do you have chronic low back pain? If yes, answer the questions below. If not, go to section 6. 
5.1 – Numerical Rating Scale 
  |______|_____ |_____|______|_____|______|______|_____|_____|______| 
5.2 - Roland Morris Questionnaire 
1. I stay at home most of the day because of the pain in my back (    ) YES  (    ) NO 
2. I change position frequently to try and get my back comfortable. (    ) YES  (    ) NO 
3. I walk more slowly than usual because of the pain in my back. (    ) YES  (    ) NO 
4. Because of the pain in my back, I am not doing any of the jobs that I usually do around the house. (    ) YES  (    ) NO 
No pain Moderate 
Pain 
Worst 
possible 
Pain 
0 1  2 3   4   5   6  7 8   9 10 
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5. Because of the pain in my back, I use a handrail to climb stairs. (    ) YES  (    ) NO 
6. Because of the pain in my back, I lie down to rest more often than usual. (    ) YES  (    ) NO 
7 Because of the pain in my back, I have to hold on to something to get out of a lounge chair. (    ) YES  (    ) NO 
8 Because of the pain in my back, I ask other people to do things for me. (    ) YES  (    ) NO 
9. I get dressed more slowly than usual because of the pain in my back. (    ) YES  (    ) NO 
10. I only stand up for short periods of time because of the pain in my back. (    ) YES  (    ) NO 
11. Because of the pain in my back, I try not to bend or kneel down. (    ) YES  (    ) NO 
12. I find it difficult to get out of a dining chair because of the pain in my back. (    ) YES  (    ) NO 
13. My back is painful most of the time. (    ) YES  (    ) NO 
14. I find it difficult to turn over in bed because of the pain in my back. (    ) YES  (    ) NO 
15. I do not feel like eating much because of the pain in my back. (    ) YES  (    ) NO 
16. I have trouble putting on my socks (or stockings) because of the pain in my back. (    ) YES  (    ) NO 
17. I only walk short distances because of the pain in my back. (    ) YES  (    ) NO 
18 I sleep less than usual because of the pain in my back. (    ) YES  (    ) NO 
19. Because of the pain in my back, I get dressed with help from someone else. (    ) YES  (    ) NO 
20. I sit down for most of the day because of the pain in my back. (    ) YES  (    ) NO 
21. I avoid heavy jobs in the house because of the pain in my back. (    ) YES  (    ) NO 
22. Because of the pain in my back, I am more irritable and bad tempered with people than usual. (    ) YES  (    ) NO 
23. Because of the pain in my back, I climb stairs more slowly than usual. (    ) YES  (    ) NO 
24. I stay in bed most of the time because of the pain in my back. (    ) YES  (    ) NO 
5) Fear Avoidance Belief
Here are some of the things which other patients have told us about their pain. For each statement 
please circle any number from 0 to 6 to say how much physical activities such as bending, lifting, walking 
or driving affect or would affect your back pain.  
 COMPLETELY   UNSURE   COMPLETELY 
  DISAGREE  AGREE 
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1. My pain was caused by physical activity   0   1    2  3    4   5   6 
2. Physical activity makes my pain worse  0    1   2    3   4  5   6 
3. Physical activity might harm my back   0  1    2   3    4   5  6 
4. I should not do physical activities   0  1    2   3   4   5  6 
which (might) make my pain worse
5. I cannot do physical activities which  0    1   2    3   4  5   6 
(might) make my pain worse
The following statements are about how your normal work affects or would affect your back pain. 
 COMPLETELY   UNSURE   COMPLETELY 
  DISAGREE  AGREE 
6. My pain was caused by my work or by  0    1   2    3   4  5   6 
an accident at work
7. My work aggravated my pain  0    1  2    3  4   5    6 
8. I have a claim for compensation for my pain  0    1  2    3  4   5    6 
9. My work is too heavy for me  0    1  2    3  4   5    6 
10. My work makes or would make my pain worse  0    1  2    3  4   5    6 
11. My work might harm my back  0    1  2    3  4   5    6 
12. I should not do my normal work with my   0  1    2   3    4   5  6 
present pain
13. I cannot do my normal work with my   0  1    2   3    4   5  6 
present pain
14. I cannot do my normal work until my pain   0  1    2   3    4   5  6 
is treated
15. I do not think that I will be back to my  0    1  2    3  4   5    6 
normal work within 3 months
16. I do not think that I will ever be able to go  0    1  2    3  4   5    6 
back to that work
6) Goal Attainment Scale
Interview the participant to identify the main problem areas and establish an agreed set of priority goal 
areas for achievement by an agreed date (usually end of the programme). Set goals should follow the 
SMART principle – that is, they should be Specific, Measurable, Attainable, Realistic and Timely 
Use the table below to rate how well the goals were achieved at the end of the study period. 
What would you like to be able to do in 6 months’ time that you are currently finding difficult? 
Goal 1:_____________________________________________________________________ 
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Date to be achieved by:_______________________________________________________ 
Goal 2:_____________________________________________________________________ 
Date to be achieved by:________________________________________________________ 
Score Goal 1 Goa1 2 
+2: Much better than expected
+1: Somewhat better than expected
0: Program goal 
-1: Current ability
Somewhat less than expected 
-2: Much less than expected
7) EuroQol-5D
Please answer the following Questionnaires. 
By placing a tick in one box in each group below, please indicate which statements best describe your 
own health state today 
Mobility 
I have no problems in walking around 
I have some problems in walking around 
I am confined to bed 
Personal Care 
I have no problems with personal care 
I have some problems washing or dressing myself 
I am unable to wash or dress myself 
Usual Activities (e.g. work, study, housework, family or leisure activities) 
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I have no problems with performing my usual activities 
I have some problems with performing my usual activities 
I am unable to perform my usual activities  
Pain/Discomfort 
I have no pain or discomfort 
I have moderate pain or discomfort 
I have extreme pain or discomfort 
Anxiety/Depression 
I am not anxious or depressed 
I am moderately anxious or depressed 
I am extremely anxious or depressed     
8) Depression and Anxiety Scale
Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much 
the statement applied to you over the past week. There are no right or wrong answers. 
Do not spend too much time on any statement. 
The rating scale is as follows: 
0 Did not apply to me at all 
1 Applied to me to some degree, or some of the time 
2 Applied to me to a considerable degree, or a good part of time 
3 Applied to me very much, or most of the time 
1- I found myself getting upset by quite trivial things   0 1 2 3 
2- was aware of dryness of my mouth  0 1 2 3 
3- I couldn't seem to experience any positive feeling at all  0 1 2 3 
4- I experienced breathing difficulty (eg, excessively rapid
breathing,ıbreathlessness in the absence of physical exertion)   0 1 2 3 
5- I just couldn't seem to get going  0 1 2 3 
6- I tended to over-react to situations   0 1 2 3 
7- I had a feeling of shakiness (eg, legs going to give way)   0 1 2 3 
8- I found it difficult to relax  0 1 2 3 
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9- I found myself in situations that made me so anxious
I was most I relieved when they ended   0 1 2 3 
10- I felt that I had nothing to look forward to   0 1 2 3 
11- I found myself getting upset rather easily  0 1 2 3 
12- I felt that I was using a lot of nervous energy    0 1 2 3 
13- I felt sad and depressed  0 1 2 3 
14- I found myself getting impatient when I was delayed in any way
(eg, lifts, traffic lights, being kept waiting)   0 1 2 3 
15- I had a feeling of faintness   0 1 2 3 
16- I felt that I had lost interest in just about everything   0 1 2 3 
17- I felt I wasn't worth much as a person  0 1 2 3 
18- I felt that I was rather touchy   0 1 2 3 
19- I perspired noticeably (eg, hands sweaty) in the absence of high
temperatures or physical exertion  0 1 2 3 
20- I felt scared without any good reason  0 1 2 3 
21- I felt that life wasn't worthwhile  0 1 2 3 
22- I found it hard to wind down   0 1 2 3 
23- I had difficulty in swallowing   0 1 2 3 
24- I couldn't seem to get any enjoyment out of the things I did   0 1 2 3 
25- I was aware of the action of my heart in the absence of physical exertion
(eg, sense of heart rate increase, heart missing a beat)   0 1 2 3 
26- I felt down-hearted and blue   0 1 2 3 
27- I found that I was very irritable  0 1 2 3 
28- I felt I was close to panic   0 1 2 3 
29- I found it hard to calm down after something upset me   0 1 2 3 
30- I feared that I would be "thrown" by some trivial but unfamiliar task   0 1 2 3 
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31- I was unable to become enthusiastic about anything  0 1 2 3 
32- I found it difficult to tolerate interruptions to what I was doing  0 1 2 3 
33- I was in a state of nervous tension  0 1 2 3 
34- I felt I was pretty worthless  0 1 2 3 
35- I was intolerant of anything that kept me from getting on with what I was doing   0 1 2 3 
36- I felt terrified   0 1 2 3 
37- I could see nothing in the future to be hopeful  about  0 1 2 3 
38- I felt that life was meaningless  0 1 2 3 
39- I found myself getting agitated  0 1 2 3 
40- I was worried about situations in which I might panic and make a fool of myself   0 1 2 3 
41- I experienced trembling (eg, in the hands)  0 1 2 3 
42- I found it difficult to work up the initiative to do things   0 1 2 3 
7) Pittsburg sleep quality index
INSTRUCTUON: 
The following questions relate to your usual sleep habits during the past month only. Your answers 
should indicate the most accurate reply for the majority of days and nights in the past month. 
Please answer all questions. 
____________________________________________________________________________ 
1. During the past month, what time have you usually gone to bed at night?
BED TIME ____________ 
2. During the past month, how long (in minutes) has it usually taken you to fall asleep each night?
NUMBER OF MINUTES _______________ 
3. During the past month, what time have you usually gotten up in the morning?
GETTING UP TIME _______________ 
4. During the past month, how many hours of actual sleep did you get at night? (This may be
different than the number of hours you spend in bed.)
HOURS OD SLEEP PER NIGTH___________ 
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For each remaining questions, check the one best response. Please answer all questions. 
5. During the past month, how often have you had trouble sleeping because you…. 
a) Cannot get to sleep within 30 minutes
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
b) Wake up in the middle of the night or early morning
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
c) Have to get up to use the bathroom
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
d) Cannot breath comfortably
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
e) Cough or snore loudly
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
f) Feel too cold
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
g) Feel too hot
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
h) Had bad dreams
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
i) Have pain
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Not during the past month ____ Less than once a week ____Once or twice a week ___Three or 
more times a week ____ 
j) Other reason(s), please describe
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
6. During the past month, how would you rate your sleep quality overall?
Very good _____________
Fairly good ______________
Fairly bad ______________
Very bad ______________
7. During the past month, how often have you taken medicine to help you sleep (prescribed or
“over the counter”)?
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
8. During the past month, how often have you had trouble staying awake while driving, eating,
meals or engaging in social activity?
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or
more times a week ____
9. During the past month, how much of a problem has it been for you to keep up enough
enthusiasm to get things done?
No problem at all _____ Only a very slight problem _____ Somewhat of a problem ______
A very big problem ______
10. Do you have a bed partner or roommate?
No bed partner or roommate_____ Partner/roommate in other room______ Partner in same
room, but not same bed _______Partner in same bed _______
If you have a roommate or bed partner, ask him/her how often in the past month you have
had…. 
a) Loud snoring
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Not during the past month ____ Less than once a week ____Once or twice a week ___Three 
or more times a week ____ 
b) Long pauses between breaths while asleep
Not during the past month ____ Less than once a week ____Once or twice a week ___Three
or more times a week ____
c) Legs twitching or jerking while you sleep
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or 
more times a week ____ 
d) Episodes of disorientation or confusion during sleep
Not during the past month ____ Less than once a week ____Once or twice a week ___Three
or more times a week ____
e) Other restlessness while you sleep; please describe
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________
Not during the past month ____ Less than once a week ____Once or twice a week ___Three or 
more times a week ____ 
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
We are interested in finding out about the kinds of physical activities that people do as 
part of their everyday lives.  The questions will ask you about the time you spent being 
physically active in the last 7 days.  Please answer each question even if you do not 
consider yourself to be an active person.  Please think about the activities you do at 
work, as part of your house and yard work, to get from place to place, and in your spare 
time for recreation, exercise or sport. 
Think about all the vigorous activities that you did in the last 7 days.  Vigorous 
physical activities refer to activities that take hard physical effort and make you breathe 
much harder than normal.  Think only about those physical activities that you did for at 
least 10 minutes at a time. 
1. During the last 7 days, on how many days did you do vigorous physical
activities like heavy lifting, digging, aerobics, or fast bicycling?
_____ days per week
No vigorous physical activities Skip to question 3 
2. How much time did you usually spend doing vigorous physical activities on one
of those days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure 
Think about all the moderate activities that you did in the last 7 days.  Moderate 
activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal.  Think only about those physical activities that you did 
for at least 10 minutes at a time. 
3. During the last 7 days, on how many days did you do moderate physical
activities like carrying light loads, bicycling at a regular pace, or doubles tennis?
Do not include walking.
_____ days per week
No moderate physical activities Skip to question 5 
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4. How much time did you usually spend doing moderate physical activities on one
of those days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure 
Think about the time you spent walking in the last 7 days.  This includes at work and at 
home, walking to travel from place to place, and any other walking that you have done 
solely for recreation, sport, exercise, or leisure. 
5. During the last 7 days, on how many days did you walk for at least 10 minutes
at a time?
_____ days per week
No walking Skip to question 7 
6. How much time did you usually spend walking on one of those days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure 
The last question is about the time you spent sitting on weekdays during the last 7 
days.  Include time spent at work, at home, while doing course work and during leisure 
time.  This may include time spent sitting at a desk, visiting friends, reading, or sitting or 
lying down to watch television. 
7. During the last 7 days, how much time did you spend sitting on a week day?
_____ hours per day
_____ minutes per day
Don’t know/Not sure 
This is the end of the questionnaire, thank you for participating. 
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APPENDIX FOUR 
Physical activity booklet given to participants in the IMPACT 
study 
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 Fact Sheet: Adults (18-64 years) 
Introduction 
Regular physical activity has important benefits for physical and mental health. It reduces the risk of 
many health problems, such as cardiovascular disease, type 2 diabetes, anxiety, depression, 
musculoskeletal problems, some cancers and unhealthy weight gain. There is clear evidence that doing 
some physical activity is better than doing none at all, and that increasing amounts of physical activity 
provide even more health benefits. 
These guidelines are for all adults aged 18-64 years. Although physical activity is generally safe for 
everyone, physical and mental abilities should be considered when interpreting the guidelines. Those 
who are unaccustomed to activity are advised to start gently (for example, by walking), without over-
exertion, and to gradually build up towards reaching recommended levels. Consult a health 
professional if unsure. 
In the context of these guidelines, physical activity is defined as any bodily movement produced by one 
or more large muscle groups, for movement as part of: leisure (including sports, exercise and 
recreational activities); transport (for example walking or cycling to get to or from places); and 
occupation (including paid and unpaid work like lifting, carrying or digging). These activities should be 
carried out at moderate to vigorous intensity. Moderate intensity activities require some effort, but 
conversation is possible. Examples include brisk walking, swimming, social tennis, dancing etc. 
Vigorous activities make you breathe harder or puff and pant (depending on fitness). Examples include 
aerobics, jogging and many competitive sports. 
Sedentary behaviour is associated with poorer health outcomes, including an increased risk of type 2 
diabetes. However there is insufficient evidence to make a recommendation on the specific duration of 
sitting that is associated with these poor health outcomes.  There is also emerging evidence to show 
that the negative effects of prolonged sitting may occur, even in those who meet the guidelines for 
moderate-vigorous physical activity. 
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Physical Activity and Sedentary Behaviour Guidelines 
PHYSICAL ACTIVITY 
 Doing any physical activity is better than doing none.  If you currently do no physical
activity, start by doing some, and gradually build up to the recommended amount.
 Be active on most, preferably all, days every week.
 Accumulate 150 to 300 minutes (2 ½ to 5 hours) of moderate intensity physical activity or
75 to 150 minutes (1 ¼ to 2 ½ hours) of vigorous intensity physical activity, or an
equivalent combination of both moderate and vigorous activities, each week.
 Do muscle strengthening activities on at least 2 days each week.
SEDENTARY BEHAVIOUR 
 Minimise the amount of time spent in prolonged sitting.
 Break up long periods of sitting as often as possible.
For more information visit: www.health.gov.au 
194
Active and Safe 
 If you are new to physical activity,
have a health problem, or are
concerned about the safety of
being (more) active, speak with
your doctor or health professional
about the most suitable activities
for you.
 Protect yourself from the sun –
you should wear sun-protective
clothing, including a hat, and
apply sunscreen regularly.
Think about when and where you can be physically active. Making some small 
changes to your daily routine can make a big difference.  
 
 
 
 
 
 
 
 
 
 
 
 
Tips and Ideas for Adults (18 – 64 years) 
Build Activity into your Day 
 For short trips, walk or cycle and
leave the car at home.
 For longer trips, walk or cycle part
of the way.
 Use the stairs instead of the lift or
escalator.
 Get off the bus one stop earlier
and walk the rest of the way.
 Park further away from your
destination and walk.
Active at Work 
 Take the stairs instead of
the lift.
 Walk to deliver a message
to your colleague, rather
than emailing
 Leave your desk at lunch
time and enjoy a short walk
outside.
 Organise walking meetings.
Active Indoors 
Don’t let the weather stop you! 
 Body weight exercises like squats,
push-ups, sit-ups and lunges, can
all be done indoors.
 Try indoor activities like;
- dancing,
- indoor swimming,
- yoga or pilates,
- martial arts,
- squash, or
- indoor rock climbing.
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 Why not turn off 
the TV during 
the day and get 
out in the 
garden? 
Set an alarm on 
your computer to 
remind you to stand 
up and move more 
often. 
How about 
delivering the 
message in 
person, instead 
of by email? 
Tips for Reducing Sedentary Behaviour 
 Get up to change the channel on the TV instead of using the remote.
 When tidying up, put things away in multiple small trips rather than one big haul.
 Preset the timer on your TV to turn off after an hour to remind you to get up and
move more.
 Walk around when talking on your mobile phone.
 Stand up and move during your favourite TV shows.
 Instead of sitting and reading, listen to recorded books while you walk, clean, or
work in the garden.
 Stand on public transport and get off one stop earlier than your destination.
If you work in an office: 
 Take your lunch break outside or in another location instead of sitting and eating
at your desk.
 Stand while you read at work.
 Move your rubbish bin away from your desk so you have to get up to use it.
 Use the speakerphone for conference calls, and walk around the room during the
conference.
 Ask your boss for a ‘walk and talk’ meeting rather than a sit down meeting.
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Make your move – Sit less 
Be active for life!
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More than half of all 
Australian adults are not 
active enough
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What’s it all about?
Being physically active and limiting your sedentary behaviour every day is 
essential for your health and well-being. This brochure presents Australia’s 
Physical Activity and Sedentary Behaviour Guidelines for all adults aged 
18 to 64 years, irrespective of cultural background, gender or ability. It 
also provides you with information about the benefits of being physically 
active, as well as tips and ideas for ways to move more every day.
More information about healthy living, including references to other 
Australian Government guidelines concerning healthy weight and 
healthy eating, can be found at www.health.gov.au
What is....
PHYSICAL ACTIVITY? – any activity that gets your body moving, 
makes your breathing become quicker and your heart beat faster. 
You can be physically active in many different ways, at any time of day.
SEDENTARY BEHAVIOUR? – sitting or lying down (except for 
when you are sleeping). It is common to spend large amounts of time 
being sedentary when at work, when travelling or during leisure time.
More than half of all Australian adults are not active enough.  Source: Australian Bureau of Statistics (ABS) 2013. Australian Health Survey: Physical 
Activity, 2011-12. ABS Cat. No. 4364.0.55.004. Canberra: ABS.  
1. Global Health Risks: Mortality and burden of disease attributable to selected major risks. World Health Organization, 2009.
Physical inactivity is 
the second greatest 
contributor, behind 
tobacco smoking, to the 
cancer burden  
in Australia.1
Move more, sit less, every day!
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What are the benefits?
Moving more and  
sitting less will...
          Did you know that higher 
levels of physical activity 
can help reduce your risk 
of some cancers and prevent 
unhealthy weight gain?
Reduce your risk of, or help manage, 
cardiovascular disease (CVD).
Reduce your risk of, or help  
manage, type 2 diabetes.
Maintain and/or improve your  
blood pressure, cholesterol  
and blood sugar levels.
Reduce your risk of, and assist with 
rehabilitation from, some cancers.
Help prevent unhealthy weight  
gain and assist with weight loss.
Build strong muscles and bones.
Create opportunities for socialising 
and meeting new people.
Help you to prevent and manage 
mental health problems.
Help you develop and maintain 
overall physical and mental  
well-being.
…and the more 
active I am, the more 
I will benefit.
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Move more...
If you are not currently doing any physical activity, you 
will benefit from starting some. You can start slowly and 
gradually increase the amount you do. Consult your doctor 
for advice on the best types of physical activity for you.
I could do at least 
30 minutes of 
physical activity on 
5 days of the week.
I could enjoy a bike 
ride or game of 
tennis with friends.
Each week:
• 150 minutes (2 ½ hours) of moderate 
intensity physical activity, or
• 75 minutes (1 ¼ hours) of vigorous 
intensity physical activity,
will help improve blood pressure, 
cholesterol, heart health, as well as 
muscle and bone strength.
Each week, increasing to:
• 300 minutes (5 hours) of moderate 
intensity physical activity, or
• 150 minutes (2 ½ hours) of vigorous 
intensity physical activity,
will provide greater benefits and help 
to prevent cancer and unhealthy 
weight gain.
MODERATE INTENSITY ACTIVITIES take some  
effort, but you are still able to talk while doing them.
E.g. a brisk walk, recreational swimming, dancing,  
social tennis, golf, household tasks like cleaning  
windows or raking leaves, or pushing a stroller.
VIGOROUS INTENSITY ACTIVITIES require  
more effort and make you breathe harder and faster  
(‘huff and puff’). 
E.g. jogging, aerobics, fast cycling, many organised  
sports and tasks that involve lifting, carrying  
or digging.
You can accumulate your activity  
by being active on most, preferably all,  
days every week.
Doing any physical activity  
is better than doing none.
A TIME  
SAVING  
TIP
You may choose to do  
a combination of moderate  
and vigorous intensity  
activities.
10 minutes of vigorous intensity  
activity is equal to 20 minutes  
of moderate intensity  
activity.
I could invite  
some friends to 
the dance class  
I’ve signed up for.
I could go for a  
15 minute jog 
before breakfast 
every day.
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I could turn off the  
TV during the day and 
get out in the garden.
I could visit my 
colleague to deliver 
the message in person.
I could set an  
alarm on my computer 
to remind me to stand 
up more often.
Break up long periods of sitting 
as often as possible.
Even if you do more than the recommended 
amount of physical activity every week, you will 
still benefit from minimising time spent sitting 
each day, and from regularly interrupting periods 
of sitting.
56% of
Australian adults  
are either inactive or 
have low levels of  
physical activity -  
that is more than  
9.5 million 
adults!2
Watching TV and DVDs, playing electronic games,  
using computers and surfing the internet may  
all be popular activities, but they usually involve  
either sitting or lying down for long periods. 
There are many opportunities to 
sit in our daily lives. The key is  
to find opportunities to move.
What will 
you do ?
Sedentary behaviour is associated with 
poorer health outcomes, including an 
increased risk of type 2 diabetes.
Be aware of time spent 
in front of the screen.
  
...and sit less!
2. Australian Bureau of Statistics (ABS) 2013. Australian Health Survey: Physical Activity, 2011-2012. ABS Cat. No. 4364.0.55.004. Canberra: ABS.
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Getting stronger
The Guidelines recommend including 
muscle strengthening activities on at 
least 2 days each week.
I could do body weight 
exercises, like push-ups, 
squats or lunges, at home.
I could do tasks around the 
house that involve lifting, 
carrying or digging.
I could join a gym and  
do weights or other 
resistance training.
      Did you know, that regular muscle 
strengthening activities will help to:
• Manage blood pressure, blood sugar 
and blood cholesterol levels.
• Prevent and control heart disease 
and type 2 diabetes.
• Improve posture, mobility and 
balance.
• Reduce the risk of falls and injury.
• Maintain your ability to do  
everyday tasks.
What will 
you do ?
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ACTIVE TRAVEL
• For short trips, walk or cycle and leave the car at home.
• For longer trips, walk or cycle part of the way.
• Use the stairs instead of the lift or escalator.
• Get off the bus one stop earlier and walk the rest of the way.
• Park further away from your destination and walk – you may
even save on parking fees.
ACTIVE AT WORK
• Park your car an extra 5 or 10 minute walk from work.
• Walk to deliver a message rather than emailing or making a phone call.
• Leave your desk at lunch time and enjoy a short walk outside.
• Organise walking meetings.
ACTIVE AND FUN
• Catch up with friends for a walk, instead of sitting to chat.
• Plan outdoor activities, like bike riding or walking.
• Don’t let the weather stop you. Try indoor activities like dancing,
indoor swimming, squash or indoor rock climbing.
ACTIVE AND SAFE
• If you are new to physical activity, have a health problem, or are 
concerned about the safety of being (more) active, speak with your 
doctor or health professional about the most suitable activities for you.
• Protect yourself from the sun – you should wear sun-protective
clothing, including a hat, and apply sunscreen regularly.
Why not try these ideas?
Think about when and where you can 
be physically active. Making some 
small changes to your daily routine 
can make a big difference.
Be active every day in as many ways as you can!203
Australia’s Physical 
Activity and Sedentary 
Behaviour Guidelines
• Move and Play Every Day – National 
Physical Activity Recommendations
for Children 0-5 Years.
•  Make your move – Sit less – Be active
for life!
- Children (5-12 years) 
- Young People (13-17 years) 
- Adults (18-64 years) 
- Families
•  Choose Health: Be Active – A physical
activity guide for older Australians.
 
 
Australia’s Physical Activity and Sedentary  
Behaviour Guidelines for Adults (18–64 years)
PHYSICAL ACTIVITY
•  Doing any physical activity is better than doing none. If you currently do no physical
activity, start by doing some, and gradually build up to the recommended amount.
• Be active on most, preferably all, days every week.
•  Accumulate 150 to 300 minutes (2 ½ to 5 hours) of moderate intensity physical 
activity or 75 to 150 minutes (1 ¼ to 2 ½ hours) of vigorous intensity physical activity,
or an equivalent combination of both moderate and vigorous activities, each week.
• Do muscle strengthening activities on at least 2 days each week.
SEDENTARY BEHAVIOUR
• Minimise the amount of time spent in prolonged sitting.
• Break up long periods of sitting as often as possible.
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OTHER HEALTHY LIVING RESOURCES:
• Healthy Weight Guide – 
www.healthyweight.health.gov.au
• Eat for Health – www.eatforhealth.gov.au
• Clinical Practice Guidelines for the Management 
of Overweight and Obesity in Adults, 
Adolescents and Children in Australia – 
www.nhmrc.gov.au/guidelines/publications/n57
• Get Up & Grow – Healthy Eating and 
Physical Activity for Early Childhood (for centre
based care, family day care and pre-schools)  – 
www.health.gov.au
To find out more, go to 
www.health.gov.au
©  Commonwealth of Australia 2014 except for the images/photographs which are reproduced under licence. All rights are reserved, 
unless permitted by the copyright  Act 1968 (Cth). All information in this publication is correct as at June 2014
To order these resources 
FREE OF CHARGE,  
phone 1800 020 103 
204
